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Chairman:  Melvin  J.  Fregly,  Ph.D 
Ibjor  Departnant:  Physiology 

Benin-aiqiotensin  systems  IBAS)  are  present  in  both  the  periphery  arel 
brain,  ttwever,  the  physiological  role  of  the  central  BAS  and  iu  relationship 
to  the  peripheral  RAS  remain  unclear.  Initial  studiee,  designed  to  elucidate 
the  mechanisms  thrct^  tfiich  drlnlcing  is  elicited,  suggest  that  the  dipsogenic 
responses  to  angiotensin  II  (AID  and  other  dlpscgenic  scimili  are  nediatsi  by 
an  alpha-adrenergic  mechanism.  A model  to  support  these  observations  is 
presented  in  vfuch  two  separate  pathways,  representing  osmoreceptor-  and 
All-nadiated  drinking,  converge  cm  a final  coranan  pat-hway. 

The  previously  undefined  role  of  All  in  temperature  regulation  was  also 
established.  Either  peripheral  or  central  administration  of  All  Induced  a 
dose-related,  hypothermic  response  ranifested  by  a decrease  in  heat  prcrhattion 
and  an  increase  in  heat  loss  mechanisms.  TTe  response  appeared  to  be  specific 
for  All  and  mediated  by  mechanisms  distinct  ftcm  All-induced  pressor  and 
dipsogenic  responses.  Mmlnistatlon  of  All  also  affected  the  mechanisms 
suheerving  heat  loss  and  heat  production  differently:  the  fall  in  colonic 


The  relationship  between  the  peripheral  and  central  RAS  was  further  defined 
by  relatii^  chains  in  circulating  All  and  nineralccorticoid  hormores  to  the 


alteratims  In  both  All  receptor  biAllng  in  the  hypoUttlarmis-thalaous-eepCisn 
(HIS)  and  the  physiolcglcal  responses  to  All.  All  receptor  binling  In  the  HTS 
vas  significantly  increased  Mhen  circulating  levels  of  All  were  either  elevated 

deoxycocticostarone  aceute  (OKA) . Both  drlnlcing  and  pressor  responsiveness 
to  either  peripherally  or  centrally  adnonistared  All  were  elevated  in  the 
CCCA-treated  rat.  In  All-infused  rats,  increases  v«re  observed  in  daily  water 
intake  and  urine  output  which  could  be  significantly  correlated  with  All 
receptor  binding  in  the  HTS. 

The  alterations  in  All  receptors  in  the  IfTS  appear  to  be  influetKed  by 
elevated  plasma  concentration  of  iciineralocortieold  honones  tatter  than  All  as 
suggested  ^ the  observatichs  that:  (a)  no  charges  were  ^served  in  central  All 
receptore  viien  the  increaee  in  aldosterone  was  prevented  by  adrenalectomy,  and 

induced  a tune-  and  concentration-dependent  increase  in  All  binding  to  neuronal 
receptors. 


CHU'reR  1 
INCTCOUCTICH 


The  reniji-angiotenain  system  is  well  known  for  its  pi^lolcqical  role  in 
cardiovascular,  fluid  anj  electrolyte  hotceoatasis . The  sequence  of  events 
involved  in  the  renin-angiotensin  cascade  has  been  veil  established 
(Pitzsimons.  1S80) . In  resfonse  to  either  a reduction  in  blcaS  pressure, 
increased  syirpathetic  discharge,  or  a decrease  in  the  total  scdiim  load 
delivered  to  the  dietal  tubule  of  the  kidney,  the  proteolytic  enzyme,  renin,  is 
released.  Benin  is  synthesized  and  secreted  prinarily  ty  tie  juxtaglcmerular 
cells  of  the  kidney  and  acts  upon  the  circulating  alpha^-giobulin. 
angioteneino^,  >*ieh  is  produced  by  the  liver,  to  form  the  decapeptlde. 
angiotensin  1 (All.  AI  is  converted  to  the  octapeptide,  angiotensin  II  (All), 
prirorily  in  the  lung  by  the  converting  enzyme.  All  is  the  active  eenpsient  of 
the  renin-angiotensin  system  and  is  Inactivated  by  aninofeptldases 
langiotensinases)  in  the  bleed,  are  of  the  breakdcMn  products,  ti« 
heptapeptide,  angiotensin  III,  also  has  biological  activity  idiich  accounts  for 
part  of  the  All-induced  pressor  and  dipeoqenlc  respczises  as  well  as  ths  release 
of  aldosterone  (Blalr-«est  et  al.,  i97l>  Fitzsiiiens,  1970;  Wright,  19M).  A 
separate  renin-angiotensin  system  has  been  proposed  to  exist  in  the  central 
nervous  system  ((31S)  (Flsher-Ferrarlo  et  al.,  1971;  Ganten  et  al.,  1971; 


discussed. 


enln-anglc 


sin  hormxial  cases 


Piqure  1.  Schematic  outline  of  the  renln-angiotensin  systeir 
The  components  identified  in  parenthesis  (to  the 


blech  either  the  oonespondii^  enzyire  or  receptor 
site  identified  to  the  right  of  the  cascade. 


Asp-ArB-Val-Tyr-llB-Hl9-Pro-PriB-Hls-Lsu-Uu-VaI-Tyr-Ser- 


ANQKrTENSIMOGEKI 
IPepstatIn)  | Renin 

A»p-Arg-V«l-Tyr-lle-H»-fto-Pne-HI»-Leu 


AIJGOTENSIN  I 

(Csptopfa)  I Converting  Enzyme 
Aep-Arg-Vel-Tyr-lle-His-Pro-Phe 


ANGIOTENSIN  II 

I Anglotenslnese 
Arg-Vel-Tyr-lle-Hls-Pro-Phe 

ANGIOTENSIN  III 


RECEPTOR  SITE 


(SarslBSIn 


The  priiiiary  effects  of  HI  are  pr^esed  to  be  mediated  the  interactioi 
of  AH  with  receptor  sites  lo  both  peripheral  tissues  azid  the  central  nervous 
system.  In  the  periphery.  All  interacts  with  receptors  on  arteries  to  induce 
vascconstriction  (Aegoli  et  al.,  1974)  and  increase  arterial  pressure. 
Receptors  in  the  ^enai  cortex  are  also  sensitive  to  All  which  stinulates  tM 
release  of  aldosterone  (CBvis  et  al.,  1962;  laragh  et  al.,  19601  and 
ccsisequently  induces  the  retention  of  sodiisn  by  the  )cidneys.  HI  additionally 
mdulates  synaptic  transmission  in  the  synpathetic  nervous  system  l:iy  affecting 
the  release  {Zimertnan  et  al.,  1972;  Hughes  and  Both,  1971) , synthesis  (Both, 
1972) , and  reuptaJce  mechanians  of  neurotransmitters  (Oavlla  and  Oiairallah, 

pressure  that  are  distinct  ftcm  Uiose  produced  by  peripheral  vasoconstriction 
(6ic)<ertcn  and  Buc)tley,  1961).  All  also  acts  at  a central  site  to  iraJice  the 
ingestion  of  uaur  (Epstein  et  al.,  1970),  the  release  of  vasopressin  (Banjour 
et  al.,  1976;  Hof&an  et  al.,  1977;  Ramsay  et  al.,  1976;  Severs  et  al.,  1970) 
and  adrenocortlcotrophin  (Ramsay  et  al.,  197B)  and  the  stinulation  of  sodium 
appetite  (Fitrsisons  and  striker,  1971;  Fregly,  1967).  Host  of  these  effects 

administered  systemically.  awever,  ta)dng  Into  account  the  volume  and 
accessibility  to  the  sites  of  action,  at  equilibrium,  the  concentration  of  AH 
resulting  from  peripheral  aitninistration  ray  not  be  different  from  that 

In  1898.  Tigerstedt  and  Bergr«n  injected  saline  extracts  of  )tidney  into 
anesthesised  rabbits  and  cbserved  a prolonged  rise  in  arterial  pressure,  mis 
substance,  wnidi  was  found  only  in  0»  cortex  of  the  kidney  and  was  imre 


reception,  the  significance  of  renin  was  not  appreciated  until  1334  throi^ 
«q«riJiients  by  Goldblatt  et  al.  Ihe  afplicatlon  of  a clip  to  cjne  renal  artery 
in  the  Jog  induced  a prolonged  rise  in  blood  pressure.  The  induced- 
hypertension  was  postulated  to  be  of  renal  origin  and  probably  Inrolved  renin. 
l’>^^hdenc  sUilies  by  Page  and  Helmet  I194D)  and  Braun-rienendez  ee  ai.  (1940) 
established  that  rerun  itself  was  not  the  pressor  substance,  but  an  enzyne. 

Its  effects  wte  produced  through  the  activation  of  a substrate  In  plasna  to 
form  a pressor  substance,  originally  named  angiotonin.  This  substance  was 


The  contrllution  of  the  renin-angiotensin  system  to  fluid  balaitte  was 
recognized  in  i960  with  t,he  discovery  that  All  ms  an  inportant  regulator  of 
the  release  of  aldosterone  (laragh  et  al . . 1960).  Aldosterone  directly 
stlimilates  the  reabsorption  of  solium  from  the  distal  tubules  and  collecting 

investigations  by  Pitzsiiaro  in  1964.  In  this  study,  nephrectemized  rats  were 

It  MS  proposed  that  the  Icidney  played  a role  in  the  drinking  induced  by 

subsequent  studies,  bilateral  nephrectomy  was  shown  to  reduce  drinking  to  scro 
hypovolemic  stimjli  (Fitzsirens,  19661.  In  1969,  FitszisDns  desonstratad  that 
intravenous  injections  of  either  renin  or  angiotensin  II  to  the  tat  elicited 
drinking,  since  then,  All  has  teen  observed  as  a potent  dipsi^en  in  a nunter 
of  species  of  anirals  including  dog,  cat,  goat,  birds,  eel  and  iguana 
IPitzsisons,  19801  . 


Tne  first  indication  that  All  may  have  an  effect  mediated  through  the 
central  nervous  system  was  demenstrated  in  a eross-circulatlcsi  eiq»rir»nt 
conducted  by  Bickerton  and  Buckley  (19611 . The  head  of  cne  dog  was 


diBconneeted  frcm  its  peripheral  vasculature  and  reconnected  to  the  Jugular  aid 
carotid  veins  of  another  dog.  An  intracarotid  injection  of  All  into  the  intact 
dog  induced  an  irenrease  in  the  pressure  of  the  connected  dog.  this  pressor 
respcsise  was  interpreted  to  be  independent  of  the  vasccontrictor  action  of  All 


angiotensin  vfuch  increased  synpathetic  outflow  throu^  the  spinal  cord.  In 
19S7,  Severs  et  al.  administered  low  doses  of  All  directly  into  the  brain  aid 
Induced  a pressor  response.  Infusions  of  All  into  the  vertebral  artery  of  the 
dog  were  also  showi  to  elicit  an  increase  in  blocd  pressure  at  doses  which  were 

al..  1972!  Scroop  and  L»e,  1M9).  In  rats,  however,  intracarotid  Infusiois. 
tMt  not  intravencus  or  intravertebral  administration,  elicited  the  pressor 

respctise,  suggesting  differences  between  species  (Haywood  ee  al..  1900  ) . Many 

of  the  effects  of  circulating  All  are  now  (tnewn  to  occur  throu^i  an  Intaracticn 
with  its  specific  receptors  in  the  brain. 

All-Induced  Drinkino  and  Mater  Balafde 
In  his  classical  eigariments  of  regulatory  ^lyslology,  Molph  denonstrated 


(19391 . IVc  separate  pathways  which  involve'the  depletion  of  fluids  frtm 


IT  ccfigartmsnts  hi 


mediate  drinking.  Ektracellular  fluid  volunw  (ECF)  can  be  altered  by 
dehydration,  hemorrhage,  and  the  administration  of  either  hypertonic  saline  o 
polyethylene  glycol,  and  drinking  is  induced.  Adninistratlon  of  hypertonic 
saline  influences  intracellular  fluid  (ICF)  volume  ty  affecting  ETT  OOTolalit; 
and  initiates  drlnkliy  via  an  osmoreceptor  pathway  (Aniersson,  1977i  Gceenleai 
and  Flegly,  19821  . Drinking  induced  by  ist^roterenol , aortic  constricUcn 


arteries  are  either  reduced  or  abolished  by  nephrecleiny,  idille  that 


acconpauying  hypovoleinia  inJjced  by  hyyetoncotic  colloid  is  not 
(FitiauDDns,  1969j  Heupt  and  Epstein,  1971).  Bach  o£  these  sttmli  involves 
the  release  of  renin  fron  the  Kidneys.  These  investigations  led  to  the 
hypothesis  that  uater  intaKe  induced  ty  chaises  in  ICF  vere  mediated  by 
osmoreceptors,  and  drinking  elicited  by  ECF  volume  (tepleticns  involved  the 
renin-angiotensin  system.  Kowever,  sene  drinking  stimuli,  such  as  dehydration 
and  PEG,  are  not  totally  abolished  by  agents  tdiich  block  either  the  release  of 
renin  or  other  ccmponeits  of  the  renln-angiotensin  system,  which  suggests  that 
some  forms  of  drinking  sey  be  mediated  either  by  both  pathwys  (Fitssiiitns, 
1980i  Greenleaf  a»l  Pregly,  19821  or  by  an  additional  voluretric  pathway 
(Striker,  1968| . The  c*servatlon  that  intravenous  (l.v.l  adniiustration  of 
sither  renin  or  All  (Fitzsijrone,  19691  could  initiate  drinlting,  ajvl  subsequent 
studies  idilch  demonstrated  that  intracer^iravenlricular  (i.v.t.)  actninistratioi 
of  angiotensinogen,  renin,  AI  and  MI  also  elicited  drinking  at  doses  which 
were  not  effective  v*en  administered  systemically,  (Epstein  et  al.,  1970; 
Pitssimons,  1971;  Severs  et  al.,  1970)  coepleted  the  scheme  of  the 
physiological  role  of  All  in  drinking.  Either  hypotension,  hjgovolenia,  or  a 
sodium  load  stisulates  release  from  the  Itidney  of  renin  which  reects  with 
circulatii^  angiotensinogen  to  form  M.  Al  is  ccuverted  to  All 

concentration  of  All  to  induced  drinking  has  been  estimated  at  12S-200  fmol  of 
Ml/ml  by  various  investigators  (Epstein,  1978:  ttenn  et  al.,  1980a:  Simpson  et 
al.,  1978).  Thus,  stimulation  of  the  endogenous  renin-ai^iotensin  system  by 
stimuli  such  as  dehydratioi,  generates  levels  of  All  exceeding  the  dipsogenic 
threshold  (mnii  et  al.,  1980a)  and  gives  further  support  for  the  pnyslolc^lcal 
role  of  the  ejidogenous  reiun-angiotensin  system. 


(SFQ)  (Siimpsem  and  Bouttenherg,  1973) 


vasculosun  o£  the  lamina  termlnalis  (OVLT)  (Hoffran  and  Riillips,  1976a) . an! 
the  anteioventral  third  ventricular  (J1V3VI  (Buggy  and  Fisher.  1976i  ftoffiian 
and  Phillips,  19761)1  regions  In  the  brain  have  all  teen  inplicated  because 


heral  administ: 
s drinlong  to  ) 


* intaJce  accontpanying  eithei 
lesent  evidence  suggests  U 


angiotensin,  and  receptors  in  the  AV3V  regicn  are  directly  stimulated  by 
centrally  administered  All.  The  AV3V  region,  however,  appears  to  be  necessary 
for  drinltlng  elicited  by  both  i.v.t.  and  systemic  administration.  Disruption 
of  paorainent  neural  projectusis  between  the  STO  and  the  AV3V  region  inhibits 
drinlting  to  periffterally,  but  not  centrally  administered  All  (Liiii  and  Johnson, 
1982).  Lesions  of  the  AV3V  region,  on  the  other  hand,  bJoc)c  the  drlnJong  to 
both  routes  of  adminlstrati«i  (Johnson  and  Buggy,  1978) . Specific  areas  of  the 
AV3V  region  include  the  nucleus  medianus  (Nelson  and  Johnson.  1905)  and  the 
median  pre.^c  nucleus  (Lind  and  Jcainson,  1982:  Shrager  and  Johnson,  1977) . 

Several  different  me<^ianisms  have  been  suggested  for  the  dipecgenic  effect 
of  All  (PltjsinOTS,  1980).  Felix  and  Schlegel  (1978)  have  shewn  increased 
firing  activity  of  neurons  in  the  S80  accenvanylng  direct  application  of  All. 
All  has  also  been  deronstrated  to  ncdulate  the  presynaptic  release  of 
neurotransmitters  involved  in  drin)ting,  in  particular,  aeetylctoUne  and 
norepin^hrine.  Cholinergic  bloc)iade  has  been  shown  to  inhibit  All-induced 
drin)dng,  but  since  the  doses  necessary  were  iruch  larger  than  tlsise  needed  to 
bloOt  chDllnerglc  driniclng,  the  physiological  slgzuficanee  of  this  InhDaitien 
remains  questionable  (Fltssimons,  1980:  Severs  et  al.. 


of  catecholamines , on  the  other  )iand.  Is  raxdi  ncre  ccrc 
postulated  to  Influence  the  syntlesis,  release  and  reup 


1967) . The  participation 


involved  in  the  pressor  and  dipsogenie  resfonaes  induced  by  All  (Fuxe  et  al., 
19791  Otrdon  et  al.,  1979;  Suireieirs  and  Phillipe,  19831 . Cetaminergic,  but  not 
B-adrenergic,  receptors  have  been  ingilicated  (Fitzsinons  and  Seller.  1971) . The 
effect  of  alpna-adrenoceptor  blockade  has  bean  ccntroverslal,  but  nost  receit 

(Pregly  et  al,,  1983a;  Fregly  et  al.,  1984a, b|. 

In  addition  to  the  initiation  of  drinking.  All  also  contributes  to  water 
balance  by  stlmjlatir^  the  release  of  aldosterone  and  antidiuretic  horrone 
(ADHJ;  by  direct  effects  upon  glenErular  filtration  and  tubular  reabsorptlon, 
and  by  its  partlclpetlon  in  sediim  ^^etite  (Fitzsimns,  1980;  Held  et  al., 
1978) . The  renin-angiotensin -aldosterone  axis  is  of  particular  interest, 
because  increased  levels  of  aldosterone  will  feed  back  to  deplete  directly  the 
kidney  of  renin  (loblan,  1959) . Treatitent  with  the  aldosterone  precursor, 
deoxycorticosterone  acetate  {DXA) , has  also  been  denonstrated  to  alter 
All-nediated  respcnses  and  these  effects  ney  occur  at  the  level  of  the  All 
receptor  (Douglas  and  Brown,  19B2;  Schiffrin  eC  al.,  1983).  Whether  these 
effects  are  either  direct  or  a nanifestati;»  of  decreased  levels  of  Al 1 is 

Beceptor  Begulation 

Hie  notion  that  drugs  interact  with  a receptor  substance  to  produce  a 
response  vas  introduced  by  langley  (1078) , and  elaborated  by  Elirllcn  (1900, 

1909) , proposed  t)iat  iDolecules  of  drugs  interact  with  ;^iemicalLy  reactive 
groups  (receptors)  to  ptcduce  a biological  response.  The  physiological  effects 
of  most  peptides  and  homnnes  ace  new  known  to  be  mediated  by  their  Interaction 
with  nentjrane-bound  receptors.  The  stiaulation  of  target  cells  by  hormroes 
initiates  a complex  series  of  events,  which  in  addition  to  affecting  a cellular 
response,  also  regulates  the  components  of  the  effector-receptor  complex  areJ 


codifies  subsequent 


fluid  n: 


structure  (SlJiger  and  Nicholson,  19721  and  the  inplicatioi  that  the  netllity  of 
ceceptors  in  the  inenfcrane  underlies  receptor  activation  and  regulatim 
ISwillens  et  al.,  1977J.  Target  cells  have  been  shown  to  respond  to  changes  in 
ligand  concentration  by  regulating  either  the  nunCer  or  affinity  of  the  surface 
rec^tors.  Increased  hormone  caxsntratlon  typically  induces  a decrease  in  the 
respective  receptors  {t^tt  et  al.,  1979) . This  self-regulation  of  mentorane 
receptors  has  teen  chserved  with  several  Uganis  including  peptides, 
neurotranatitters , proteih-homones , and  by  surface  modulating  factors,  lectins 
and  irmunoglobulins  ISaft,  197$) . However,  there  are  exceptions  to  this 
generalization  of  which  All  receptors  are  a prime  exan^le.  In  the  presente  of 
high  concentration  of  the  ligand,  arqiotensin  II,  an  increase  in  the  nur*er  of 
adrenal  All  receptors  is  observed  (Hauger  et  al.,  1978) . in  addition,  many 
peptide  honrones  are  regulated  by  other  lomcnes. 

Inplleit  in  the  regulation  of  receptors.  Is  the  e>pectatlon  that  enJ-otgan 
respcnsiveness  will  also  be  changed  by  alterations  in  either  the  nurter  or 
affinity  of  receptors.  Indeed.  desensitUaticn  of  cellular  responses  by 

this  alteration  has  been  correlated  with  a reduction  in  receptor  nuntoer  (Catt 
et  al.,  1979) . Conversely,  in  the  adrenal  gland,  an  increase  in  All  receptors 
Is  ciisetved  during  elevated  circulating  levels  of  All  and  this  correlates  with 
an  increase  in  All-irdueed  aldosterone  release  (Aguilera  et  al.,  1976;  Hauger 

Several  atudies  on  the  binding  of  All  to  its  receptors  have  been  eawSucted 
to  determine  the  tclecular  nature  for  the  pf^iolcgical  actions  of  All. 

Specific  receptor  sites  for  angiotensin  11  have  teen  Identified  and 
idaracterired  in  the  adrenal  zona  glomerulosa  (Glossnan  et  al.,  1979;  Hauger  et 
al..  1978),  kidney  (Brown  et  al.,  1980;  Mendelsohn  et  al.,  1983) , vascular 
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smooch  nuscle  of  tie  uterue  (Oevynck  st  al.,  197«) , bladter  (Catt  el  al., 

1994).  and  arteries  (Guntner  et  al.,  1980),  aorta  (Le  Itovan  ard  PaUic,  1975), 
anterior  pituitary  (Haujer  et  al.,  1992) , aid  the  Itrain  (ienn  et  al.,  1990b! 
Sirett  et  al.,  1977).  He  binding  sites  are  characterized  by  hi^  specificity 
aid  high  affiniQ"  for  the  peptide.  Ml  binding  sites  also  have  been  analyzed 
during  cell  fractionaticn  aid  are  predominantly  localized  in  tl»  plaere 
menterane  (Catt,  1984).  In  the  brain,  specific  blidlng  sites  are 

localized  to  tiie  midbrain,  septus,  hypotiialanus,  thalarus,  medulla,  aid 
olfactory  bulb,  specific  binding  of  All  in  the  cortex,  hippocairus,  striatum, 
and  cerebellum  is  extremely  low  (Sirett  et  al.,  1982).  The  localization  of  Ml 
receptors  in  the  brain  correlates  with  the  areas  of  the  brain  which  rediate 
several  cf  the  plrfsiological  effects  of  All.  The  central  region  of  the  brain 
diioh  contains  the  hypot)ialamus,  septum,  tlialaims  and  midbrain,  is  often  nsM 
by  investigators  to  characterize  Ml  receptors  (Mann  et  al.,  I980bi  )4aiin  et 
al.,  198l!  Sirett  et  al.,  1982).  The  blndirq  of  Ml  to  receptors  in  the  brain 
has  been  found  to  be  of  high  affinity  and  specificity,  reversible,  saturable 
and  pH-  and  tengierature-dependent.  The  specificity  of  the  receptors  for 
several  synthetic  All-analegues  is  similar  in  the  brain  aid  adrenal  (Douglas  et 
al.,  1980!  Mann  et  al.,  1991).  The  conaetition  for  binding  sites  and  potency  of 
MI  peptide  fragments  and  antagonists  in  vitro  correlates  with  potency  in  vivo 
(Itenn  et  al.,  1981) . The  eguilibtiim  dissociation  cixislant  (K^)  citained  in 

estimated  at  U-20  fmol/mg  protein.  Other  investigators  have  reported  similar 
values  (Bennet  and  synder,  1976j  cole,  1980) . Angiotensin  receptors  in  the 
brain  have  been  visualized  with  fluorescent  raicresm^  (Landas  et  al.,  1980) 
and  quantified  throu^  autcradiography  (Israel,  1994i  Healy  and  Prints,  1985). 
Specific  All  receptor  binding  has  also  been  Identified  in  neuronal  brain  cell 
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Iciiietlcs  as  cbserved  in  merbrane  pre[»rations  frtxi  the  brain  of  the  adjlt  rat. 

Angiotensin  u rec^Jtors  have  been  shown  to  be  regulated  ty  eniogenous 
homone  concentration  as  discussed  above.  Hovever,  the  receptors  are  not 
regulated  simllarlly  in  all  tissues  and  ate  sensitive  to  electrolyte 
concentrations  in  the  bleed.  The  regulation  of  All  receptors  In  snooth  iniscle 
is  ^rposite  to  that  seen  in  the  adrenal  glahl.  Elevated  levels  of  plasma  All 
tend  to  Induce  desensitization  of  both  snxx>th  muscle  receptors  and 
responsiveness  (Aguilera  and  Catt,  19Sl!  Guntte:  et  al.,  1980;  Harm  et  al., 
19811 . The  extent  to  vdtiA  circulating  All  regulates  receptors  in  tte  central 
nervous  systeio  is  presently  unclear.  The  question  reneins  as  to  whether  All  can 
cross  the  blood-brain  barrier  to  regulate  central  All  receptors. 


The  l^pFpothesis  that  many  of  the  responses  elicited  by  the  renin-angiotensin 
system  occur  thrtugh  the  central  nervous  system  presents  a parar^.  because  the 
polar  nature  of  the  All-peptide  Infers  its  inability  to  cross  tJ»  blcod-brain 
barrier  ISBB).  The  BBB  is  conprised  of  capillary  endothella  irtiicn  possess 
tight  junctions  betwen  adjacent  endothelial  cells  to  limit  the  entry  of 
molecules  cm  the  basis  of  their  lipid  solubility  and  molecular  weight 
(Brlghtmaim  and  Eeeee,  1969:  Reese  and  Kamovosky,  19671.  However,  there  are 

of  fenestrated  capillaries,  or  gaps  in  the  capillary  endotheliim  surrounding 
the  brain.  These  regions  are  known  as  the  cixcumventrlculat  organs  (CTOI  and 

orgamim  vasculosum  of  the  lamina  terminalis  (OTITI , and  the  neurchypophimiB 
(Heimil.  1973) . Icw-resistance  ti^it  junctiems  also  exist  ot  the  ventricular 
Bide  of  the  C/0  and  form  a blcod-<3F-barxier  to  limit  the  diffusion  of  solutes 


(Pardrldge 


Etiyslological  and  iOTunohistccheiracal  evidence  suggest  that  circulating 
Ml  may  cross  the  BBB  (Johnson  and  ^tein.  1975f  Volicer  and  Lo>«,  19711. 


substances  into  the  brain  (Johansson  et  al.,  1970i  Phillips,  1980;  westetgaard 
et  al.,  19771  . (Other  evidence  Includes  administration  of  the  Mi-receptor 
antagonist,  saralasin,  to  blcack  the  physiological  responses  to  either  centrally 
or  peripterally  administered  All.  Intracerebroventricular  edministration  of 
saralasin  oan  bloeh  the  dipeogenic  effect  of  i.v.  adnlnlstered  Ml  (Johnson  and 
Sctacb,  1975  ) . (Saiversely,  saralasin  given  i.v.  can  also  block  the  dipsogenic 
and  pressor  responses  acccnpanyii^  i.v.t.  achunistration  of  Ml  IJchnson  and 
SchMt*,  1975,  Hof&ian  and  Phillips,  1976al . Additional  studies  with 
radiolabeled  Ml  indicated  that  systemic  administration  of  ('•^®I)-MI 
(non-ptessor  dose,  36  pHil)  bound  only  to  All  reciters  in  the 
ciroijwentricular  organs  and  the  hypophysis,  but  not  to  any  of  the  otter  Ml 
receptors  located  within  the  SSB  (Van  Houten  et  al.,  1980) . However,  in  a 
subsequent  study,  central  administration  of  saralasin  blocked  the  binding  of 

and  only  a small  portion  of  the  adanot^pophysis.  intravenously  administered 
saralasin  inhibited  bindii^  in  the  sane  areas  as  well  as  the  center  of  tte  sro 
and  both  lohes  of  tte  pituitary  (Van  Houten  et  al.,  19831  . Thus,  it  retiains  to 
fce  elucidated  leather  and  how  Ml  penetrates  the  BSB. 


Tte  hypothesis  of  an  endogenous  renin-angiotensin  system  in  the  brain  has 
teen  advanced  to  explain  actions  observed  with  central  administration  of  All 


and  tte  localisation  of  All  binding  sites  within  tte  BBB 
al. , 1971;  Ganten  et  al. , 1971;  Phillips,  1978) . Several 
produced  by  administration  of  central,  and  not  peripheral. 


Selective 


levels  of  All  (Fuxe  et  el.,  1979),  In  addition,  central  administration  of  All 
inhilsics  prolactin  release  (Steele  et  al.,  1982) , lAercaa  systemic 
administration  actually  stljiulates  the  release  of  prolactin  fran  the  pituitary 
(Aguilera  et  al.,  1981) . Each  of  Che  components  necessary  for  the  generation 
of  All  has  teen  localited  by  either  biochemioal  or  histocheinical  techniques. 

He  highest  concentrations  of  renin  are  found  in  the  choroid  plexus,  anterior 
pituitary,  and  the  pineal  gland  (Inagaini  et  al.,  1980) . Benin  has  been  shown  to 
««xlst  with  All  in  certain  neurcmal  cells  «ii<Si  suggests  that  formation  of 
angiotensin  nay  be  an  Intracellular  mechanism  in  the  CHS  llnagami  et  al., 

1982) . ihe  other  enryiie  necessary  for  the  generation  of  Alt,  converting 
enzyme,  has  been  identified  in  capillary  endothelial  cells  of  the  brain,  the 
SFO  and  the  choroid  plexus  (Held  et  al.,  1982:  Rlx  et  al.,  1981). 
Wigiotensinogen  has  also  been  found  throughout  the  CNS  anJ  is  in  parUciarly 
high  concentrations  in  the  CSF  (lewicki  et  al..  1978:  Sehelllng,  19831.  All 
has  been  legalized  by  radioiimunoassay  ard  ijmunccytcchemistry  in  the 
hypothalaaus,  spinal  cord,  medulla  Alcngata  and  the  lihfcic  system.  The 
highest  densities  of  Al  and  All  vere  found  in  the  periventricular  structures, 
SfO  and  the  HE  (Oiai^is  et  al.,  1977:  Ganten  et  al.,  1978) . Al  and  All  have 
also  been  extracted  frem  the  brain,  characterized  by  high  pressure  liquid 
chrociatogr^:hy  (HPIC)  and  generated  during  incubations  of  brain-aiqiotensincgen 
with  renin  (Hermann  et  al.,  1984:  Hiillips  and  Stenstrom,  1985). 

Sjbstantlal  evidence  has  been  presented  for  an  endogenous  renin-angiotensin 

Angiotenslnogen  (Prints  et  al.,  1984),  All  (Baizada  et  al.,  1934b),  and  All 
receptors  (Prints  et  al.,  1984;  Baizada  et  al.,  1981)  have  been  identified  in 
neumaial  cell  cultures  prepared  from  the  brains  of  one-day-old  rats.  All-llXe 
iimonoreactivity  extracted  from  neuronal  cultures  has  been  shown  to  co-migrate 
with  synthetic  All  (Baizada  et  al.,  1984b) . In  addition,  the  neuronal  cultures 


[^H)-isoleucine  and  l^H]-valine  (Raiiada  et  al.,  1983).  Ttie  )dnecics 
for  biiidijig  of  to  brain  cells  in  culture  Mere  similar  to  those 

observed  in  menbranes  from  adult  rats.  Wie  binding  was  specific,  saturable, 
pft-deperdent,  and  reversible.  Autoradiographic  studies  also  Irdicated  chat  the 
binding  of  All  was  localized  to  neurites  and  oeurcrel  cell  bodies  (Raizada  et 
al.,  1981) . ftej^ienmeyer  and  colleagues  (19841  have  extracted  angiotensin  from 
cultures  prepared  ftcm  the  brains  of  fetal  rats,  anl  uriixed  dxirfclng  in  rats 
received  the  extract.  Thus,  the  Identiflcaticsi,  synthesis  and 
bioactivity  of  ai^iotensin  in  neuronal  brain  cell  eultures  further  supports  the 
existence  of  an  endogenous  brain  renin-angiotensin  system. 

Specific  Aire 

Althou^  all  of  the  ccnponents  of  the  renin-angiotensin-systan  have  been 
identified  in  the  brain,  its  physiological  role  has  not  been  defined.  The 
localization  of  receptors  for  All  ot  the  circuDr.^tricular  organs  obviates  a 
need  to  pass  heywid  the  blocd  brain  barrier  to  elicit  a response.  Jet, 
administration  of  All  directly  into  the  CSS  activates  recepitors  which  cannot  be 
activated  ty  circulatli^  All.  FUrtlierTOte,  the  factors  influencing  the 

elucidated. 


Evidence  su^ests  that  rtironlc  administration  of  CCCA  can  reduce  plasm 
levels  of  All  by  actions  directly  c«i  the  Icidney  to  reduce  renin  release 
(Tobian,  1959) . Alternatively,  chronic  infusions  of  low  doses  of  AU  increase 
plaaiB  All  levels.  Both  of  these  effects  have  been  daronstrated  to  alter  All 
receptor  bindljs  capacity  in  peripheral  tissues  in  opposite  directions  (Douglas 
and  Browi,  1982:  Schlffrin  et  al.,  1983,  Schiffrin  et  al.,1984).  However,  the 
effect  of  chronic  treatments  with  KCA  and  All  cm  tl»  regulatitwj  of  All 
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abaence  of  an  effect  of  experimentally  Infueed  alteratiw®  in  plasiie 
concentrations  of  MI  anS  ndnetalocotieold  Hormone  on  MI  receptor  binlinj 
capacity  in  the  brain  ccold  contribute  to  an  understanding  of  the 
interrelationship  between  the  renal  ai¥l  jutative  brain  renin-angiotensin 
systems. 

Mthcugh  investigations  at  the  level  of  the  receptor  will  serve  to  explain 
the  biochemical  link  of  the  tj®  systeirs,  the  potential  physiolt^ical  role  can 
only  be  evaluated  throu^  the  effect  that  these  treatrents  have  on  the 
biological  resptnses.  Thus,  studies  were  designed  to  elucidate  further  the 
phyeiolcglcal  effects  of  peripherally  and  centrally  aiiitinistered  MI,  the 
mechanisms  underlying  these  responses,  and  resulting  consequerces  of 
alterations  in  central  MI  receptors. 


CHWTH>  II 
GEHERSL  HETHajS 

Tieatinent  regimens  and  descriptions  pertinent  to  separate  studies  will  te 
detailed  in  each  experirnsnt.  However,  several  of  the  netluds  are  cooroi  between 
ej^eriments  and  will  be  described  here.  »ble  ai»3  female  rats  of  the  Blue  Sfsute 
Farirs  (Sptague-Oawley)  strain  weighing  200-400  g were  used  in  the  drinlcii^, 
blood  pressure,  tenpearature  and  Ml  menfcrane  bindlj^  experiments  described 
here.  Oiey  were  raintained  in  groups  of  three  to  fcur  in  stock  cages  and 
aliened  tap  water  and  Purina  Laboratory  Oiow  ad  libitum.  The  colcsiy  coat  and 
the  adjacent  quiet  testing  rocm  were  maintained  at  26  * 1°  and  Uluninated 
frem  0700  to  1900  hours  (hr).  Heasurements  were  itede  at  the  same  tire  each 
day  10900  hr)  to  minimize  any  potential  effects  of  circadian  thyUm.  For 
ffl^riments  with  cell  culture,  one  day  old  rats  were  obtained  fran  our  breeding 
stock  of  ^ague-Oawley  (Blue  Spruce  Farms)  rats.  Ml  drugs  and  chemicals  used 
in  the  experiments  are  listed  in  the  Appendix. 

Measurement  of  Drinking  Rescooses 

Two  types  of  drinking  responses  were  evaluated;  an  acute  response  to 
administration  of  a dipsogen,  and  a chronic  response  which  coneidered  tte  daily 
intake  of  fluids  and  its  relation  to  urine  output  and  food  intadee.  For  these 
chronic  measurerents,  the  consumption  of  tap  water  (or  saline  when  epeclfled) 
and  grounS  Purina  Laboratory  rat  cSkw  were  calculated  each  day  by  the  loss  of 
weight  fran  the  containers.  The  food  containers  are  spill-resistant  and  have 
been  described  previously  in  detail  (Pregly,  1960) . Wbter  containers  consisted 
of  Infant  nursing  bottles  with  cast  aluminum  spouts  as 


descri)»d  by 


(1954) . Urine  «s  collected  into  graduated  cylinders  whicli  contained  sitall 
anounts  of  paraffin  oil  to  prevent  evaporation. 

apprcpriate  drug  or  vehicle  and  then  placed  into  an  individual  stainless  steel 
cage.  [Jo  food  uas  available  durir^  the  experlirent.  Imediately  after  the 
inJectiOT,  each  tat  was  given  a preweighed  bottle  of  water,  water  I26°c) 
intakes  lere  teasured  gravimetrically  at  0.6.  1,  and  J hr  after  administration 
of  dipeogen. 

To  test  their  drinlung  responses  to  central  administration  of  All,  rats 
were  inplanted  with  intracerebroventrlcular  cannulae  as  described  below.  For 
this  purpose,  an  injector  cannula  was  attached  to  a 10  ul  Hamiltcsi  syringe  by 
PE-10  tubl:^,  and  filled  with  All  dissolved  in  sterile  isotonic  saline.  Each 
rat  les  injected  with  10  ng  cf  All  in  a volure  of  2 ul.  Hater  intaJte  was 
measured  as  described  above. 

All  experiments  were  set  up  according  to  a statistical  factorial  design  to 
assess  the  effects  of  treatment  and  interaction  (Snedecor  and  Cochran,  1956) . 


It)  test  drln)ting,  pressor  and  teiperature  responses  to  central 
administration  of  All,  rats  were  surgically  prepared  with  indwelUtq 
intracerebrcventrlcular  cannulae.  fech  rat  was  anesthetiaed  with  ketamine  (130 
ng/)tg,  i.m.)  and  acepronaaine  (SO  ug/kg,  i.m.l  and  a 12-nm  long,  22-gauge 


before  testing.  The  coordinates  were  1.0  im  posterior,  l.O  m lateral  aid  5.0 
rni  deep  (frcm  dura)  with  respect  to  bregma  (flat  skull)  using  a Kopf 
stereotaxic  Instrunent.  ihe  cannula  was  secured  with  skull  screws  and  dental 
cement,  and  a stainless  steel  !*turator  (12  nn  Itsig)  was  placed  into  the 


cannula.  Each  rat  received  0.2  tiq  ajrpicillin  i.m.  following  surgery,  and  was 
aliened  one  week  for  recovery. 
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aeCepCOf-Binclina 


es  in  tile  Hvcothalaim-Walaius-Sepcuni 
Hie  All-receptoc  bindli^  assay  and  the  disaecticsi  of  the  brain  of  the  rat 
vere  a itodified  version  of  that  of  Sirett  et  al.  (1977) . The  brain  was  cut 


anterior  to  the  prei^c  region  and  at  the  level  of  the  mamnillary  bodies  to 
represent  the  anterior  and  posterior  limits  of  the  diencephalic  block.  Die 
lateral  limits  Included  the  edges  of  the  lateral  hypothalamus.  Dk  block  of 
tissue  (oean  «ighc  ■ lOOig)  included  the  thalamus,  hypothalanus,  and  septun 
IHTS).  ^lecific  areas  of  this  hjpcthalanic  block  included  the  preoptic  area, 

subfornical  organ  (SPO) , anterior  and  posterior  nuclei,  and  dorsoiedial  and 
ventromedial  nuclei.  Following  dissection,  this  block  of  tissue  was  horcgenited 
in  20  volumes  of  ice  cold  0.9%  saline,  and  the  henogenate  was  centrifuged  at 
SOO  X g and  4°c  for  10  min  to  remcwe  all  blood  vessels  and  conrective 
tissue.  The  supernatants  were  decanted  into  another  tube  on  ice  ani  then 
centrifuged  at  50,000  x g at  4°C  for  30  min.  DUs  supernatant  was  discarded 
and  the  pellet  resuspended  in  2 ml  buffer  containing  150  tiW  NaCl,  5 m EWA  and 
50  KM  Tris  HCl  at  p«  7.2  and  4°C.  Portions  of  this  particulate  fraction 
1100  ul  containing  100-150  ug  protein)  were  placed  into  mlcrofuge  tubes.  Half 
of  these  tubes  were  incubated  tor  30  min  at  22°c  with  200  ul  assay  buffer 
containing  150  ttt  SaCl,  5 irM  EMA,  5 dithiothreitol,  50  iW  Tris  HCl,  0.2% 
bovine  serum  albumin  and  O.l  to  1.0  nM  l^^^ll-All  (^ecific  activity 
1500-1000  uCi/ug] . Kxi-specific  blniinj  was  determined  in  the  other  half  of  the 
tubes  in  parallel  by  the  addition  of  10,000  fold  excess  of  unlabeled  All  to  tbs 


terminated  by  placing  the 


above.  All  reactions  were  perfomed  in  triplicate  and 
tubes  in  ice  and  addirq  l.o  ml  ice  cold  Tris  HCl 


buffer.  SeparaUon  of  bound  and  free  radioactive  All  was  accorpllshad  by 


centrifugation  at  13,000  x g for  5 min  in  a mlcrofuge.  1116  mentranes  were 
pelleted,  and  the  supernatant  was  aspirated.  The  pellet  was  vashed  with  an 


additttaBl  1.0  ml  of  ice  cold  Trig  Ki  buffer  and  centrifuged  for  an  additional 
5 min.  Hie  supernatant  tes  aspirated  and  the  tip  of  the  microfuge  cube,  which 
contained  the  msrbrane  pellet,  was  cut  and  placed  in  another  tube  and  the 
anount  of  radioactivity  was  counted  in  a Becknan  5500  Saima  sadlation  Counter, 
with  a counting  efficiency  of  75%  for  The  results  are  expressed  as 

specific  binding  which  was  cbtained  by  subtracting  non-specific  binding  frcm 
total  ceunts.  The  specific  binding  of  for  the  diencephalic 

block  of  tissue  used  in  these  expsrirrents  was  75-80%  of  the  total  counts  Sound. 
Protein  concentration  of  the  brain  particulate  fraction  wes  determined  by  the 
Itwry  et  al.  (15511 , and  results  were  expressed  as  fnol/rg  protein. 


CHAPTER  III 

ANSIOTEilSIN  Il-tlOUai)  DRINKDG: 
A FINAL  CO«W  PATHWAy? 


Introduction 


nalCDOne,  an  i^ioid  antagonist,  can  inhibit  the  respcnse  to  a variety  of 
dipecqenic  stlraili  (Brown  and  Holttnan.  1981bi  Coofer,  1980;  tewlarai,  19811. 
Itiese  results  suggest  that  opioid  receptors  ray  play  a role  in  mediating 
drinJung.  Recent  studies  from  this  laboratory  revealed  that  clonidine,  an 
alfha^-adrenoceptor  agonist,  can  also  inhibit  the  response  to  the  sai» 
dipsogenic  stimuli  (Fr^ly  and  Kelleher,  1980;  Fregly  et  al.,  1981).  These 
results  suggest  that  alphaj-adrenocsptors  ray  play  a role  in  mediating 
drinltlng.  It  is  of  interest  that  both  nalo>cone  and  cltxudine  attentuate  the 
drinking  response  to  dipsogenic  stljiuli  that  are  telleved  to  act  both  via 


osmoreceptors  (e.g.,  hypertonic 
therefore  likely  that  both  ray  a 
nediatated  by  these  two  receptor 
and  Fregly  (1982)  have  proposed 
sunming  device,  since  any  tm  su 

device  ray  be  present  within  the 


t at  the  point  of  convergence  of  fathkays 
. Oatley  (19731,  lOates  (1979),  and  Greenleaf 
lat  tie  point  of  convergence  occurs  through  a 
raxiral  dipscgenic  stimuli  applied  to  the  tat 
)nse  rather  than  an  interaction.  The  sunming 


is  not  known  with  certainty,  since  the  antidipsogenic  effects  of  naloxone  and 


clcnldine  were  similar,  an  attempt  was  made  to  determine  whether  ttey  might  act 
via  similar  mechanisms.  TO  this  end,  studies  were  carried  out  to  assess  the 


possibility  that  nalcocone  might  Induce  its  antidipsogenic  effect  by  acting  at 
alpha^-adrenoceptors. 


The  effects  of  naloxone  and  clonidine,  separately  and  In  con*>ination,  on 
experimsntally-lnduced  driniung  will  be  briefly  reviewed;  and  than  r»w  data 
Hill  be  presented  which  suggest  that  these  wo  agents  may  act  via  a canton 
pethtiay. 

Effect  of  telcxone  on  EXperimentallv-indi«-«d  prinlcine 

Mninistration  of  naloxone  produced  a dose-related  attenuation  of  the  water 
Intake  induced  by  all  dipsogens.  Ilte  magnitude  of  the  effect  depended  i^on  the 
type  of  stimulus,  the  rcute  of  administration,  and  the  species  (Senger,  19811. 
Oils  has  been  most  fully  documented  for  dehylration-induced  drinking  (e.g., 
Cooper,  1980;  Frenk  and  Bogers,  1979;  HoltziiBn,  19791  . Hawever,  because  fluid 
deprivatlco  induces  both  ositotic  and  All  conponents  of  drinking  (Ramsay  et  al., 
1977) , subsequent  analysis  of  the  effects  of  naloxone  on  each  of  these 
coruxinenta  was  made.  Itius,  the  dipsogenic  responses  induced  in  rats  either  by 
s.c.  polyethylene  glycol,  by  l.v.  NaCI  or  All  (ffewlanl,  1982)  or  by  s.c. 
lsc?>roterenDl  (Brown  and  Holtaian,  1981b)  were  attenuated  ty  naloxoie  (see  Fig. 

2).  Further, •since  quaternary  opioid  antagonists,  which  do  not  cross  the  blood 

brain  barrier,  were  without  effect  on  drinkli^  i*en  given  peripherally  (BrcMi 
and  Holtanan,  1961;  Ostrowski  et  al. . 1981) , a central  site  of  acticsi  was 
preposed.  Indeed,  central  adninistration  of  either  naloxone  (Czech  et  al., 

1983)  or  nethyl  naloxone  (Brown  anl  Holtzitan,  1981a)  was  antidipsogenic . 

Efteeu  of  Clonidine  on  gxperlmentallv-lnduced  Prinkup 

AdministratlOT  of  clonidine  produced  a dose-related  inhibition  of  all 
types  of  experinentally-lnduced  drinking  thus  far  studied,  including  that 
induced  by  water  deprivation,  adninistration  of  isoEXoterenol  (Fregly  and 
Kelleher,  1980) , hypertonic  saline,  All,  pilocarpine  (Fregly  et  al.,  19811 , 
S-hydroxytryptOE*an  and  serotonin  (ihreatte  et  al. , 19811 . An  example  of  its 
effect  on  angiotensin  II-  and  isoproterenol-induced  drinkii^  is  shown  in  Figure 


PinOujanisa  of  druiking  cesponses  by  naloxiTie/ 
based  on  data  fran  Rcwland.  1982-  Male 
Sprague-Oawley  rats  with  indwlling  venous 
catheters  received  either  lleu=-AIl  at  1.54 
ug/hr  for  1 hr  (left  panel) , or  4 mSg  of  2H  NaCl 
over  a 2 hr  period  (right  panel) . Cne  standard 
error  (SB)  Is  set  off  at  each  mean. 


WATER  INTAKE  fml/IOOg  b.wj 


ANGIOTENSIN  H NACL 


DOSE  OF  NALOXONE  fmg/kg) 
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3 (Fzegly  ^ KeUeher,  1980;  Fregly  et  al.,  1981) . It  has  also  been  proposed 
that  clonidine  acts  via  the  central  nervous  system  because:  (a)  drinJun? 

induced  by  low  doses  of  angiotensin  II  administered  into  the  lateral  cerebral 
ventricle  was  suppressed  by  peripheral  clonidine,  and  (b)  i.v.t.  administration 
of  clonidine  attenuated  the  drinking  induced  by  either  central  or  peripheral 
injecticms  of  Ml  (Pig.  4)  (Pregly  et  al. , 1984).  >to*ever,  li)te  naloxone, 
relatively  large  doses  of  clonidine  were  needed  for  a central  effect,  vhlle 
the  antidipecgenlc  effect  of  naloxone  and  clonidine  ney  be  centrally  mediated, 
the  i.v.t.  route  of  administration  irey  not  afford  ready  accessibility  to  the 
site  of  action  (Czech  et  al.,  1983) . At  the  doses  used,  climudine  had  no 
effect  on  food  intake,  running  activity  (Fregly  and  careenleaf,  1981)  or 
drinking  of  sweet  milk  (Rowland,  unpublished  data).  Iherefore,  the 
antidlpsogenic  effect  of  clonidine  appears  to  be  relatively  specific. 

Naloxone  and  clonidine  thus  share  sene  cuiiiim  characteristics . Both 
induce  dose-related  attenuation  of  e^gerimental  drii^king;  both  appear  to  be 
mediated  at  a central  site  which  is  poorly  accessible  to  the  CSP,  and  unlike 
other  antidipiscigens  such  as  neuroleptics,  their  effects  on  drinking  do  not  seem 
to  be  secondary  to  general  sedative  or  debilitating  actions.  In  view  of  these 
parallels,  it  seemed  of  some  interest  to  examine  clonidine  and  naloxone  for 


Female  rats  of  the  Blue  Spruce  Farms  (Sprague-Oawley)  strain  weighing 
1B0-2B0  g were  used.  On  test  days,  tte  rats  were  weighed  and  injected  with  t)ie 
appropriate  drug  or  vehicle  (details  to  be  given  with  results) . Bach  rat  was 
placed  into  an  individual  stainless  steel  cage  and  water  intakes  were  measured 
at  0.5,  1 and  2 hr  after  administraticx:  of  the  dipsegen.  All  experiments  were 
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txeatnent  and  interacti«i  ISnadscot  and  Oxhran,  19561  . The  doses  of 
clonldine,  naloxone  and  isoproterenol  are  ejqxressed  as  their  hydrochloride 

Effect  of  Clcnidine  and  Saloxone  on  Aiwiotenein  Il-induced  DrinluiX) 

I^«nty-fc^lr  experiirentally  naive  rats  were  randonly  divided  into  four 
equal  groups,  each  receiving  three  injections.  Group  1 served  as  the  control 
group  and  received  two  i.p.  injections  of  the  saline  vehicle  used  to  dissolve 
the  iwiloxone  and  clonidine.  Group  2 was  administered  clcnidine  (12  ug/kg, 
i.p.l  and  the  saline  vehiclei  group  3 received  naloxone  (1  ng/kg,  I.p.)  airl  the 
saline  vehicle:  ard  gtcaqj  4 received  12  ug  eloridine/kg  in  coibination  with  1 
irg  nalow»e/kg.  Additionally,  all  four  groups  received  All  |2D0  ug/kg,  i.p.) 

The  adidnistration  of  naloMone,  clonidine  and  the  ccnfcinatlon  of  these  two 
cocpounds  significantly  attenuated  the  All-induced  water  intake  (pcO.Ol)  (Fig. 
5) . Swever,  the  effect  of  the  drug  ccnbination  was  significantly  greater  than 
that  of  either  agent  alone  (p<0.05) . The  interacUon  )jetween  the  two 
treatments  was  not  significant  IF(3,20)  = 2.65),  suggesting  additivity  of  their 
effects  m drinking. 

Effect  of  Clcnidine  and  Naloxone  on  leoproterenol-induced  Drinlunq 

This  eiqsrinisnt  was  Identical  to  the  one  aba>re  except  that  the  diiscgen 
was  D,L-isoptoterenol  (25  ug/kg,  s.c.),  and  the  dose  of  naloxone  was  0.5  ng/kg. 
The  isoproterenol-induced  drinking  was  not  significantly  inhibited  by  these 
doses  of  either  naloxone  or  clonidine.  HCKi^ver,  the  ccnhination  of  naloxone 
and  clonidine  produced  a significant  attenuaticn  of  drinking  (pCO.Ol)  (Fig.  6). 
The  interaction  between  these  two  treatments  was  not  significant  [F(3,20j  ■ 
1.451,  again  suggesting  additivity  of  their  effects  on  drinking. 


Effect  of  raloxone  II  mj/kgl , clonidine  <12  ug/kgi 
ard  clcfiidine  * naloxone  on  AXI-induced  drinkiiv? 
<200  ug/Icg) . Cn  SE  is  set  offf  at  each  mean. 
♦Significantly  different  Iran  saline-treated 
control  group  IptO.Oll . ••Significantly  different 
from  both  saline-treated  <p<0.01)  and 
naloxone-treated  <p<  O.OS)  groups. 


□ ANGIOTE^SIN^  ( 200*jq/kg  C.W., 8.C.) 

S ANGIOTENSIN  n + NALOXONE  Umg/kg  aw.,  i.p.) 
[ID  ANGIOTENSIN  n +CLONIDINE  (I2lig/lcg  aw.,  i.  p.) 
I ANGIOTENSIN  n + NALOXONE  + CLONIDINE 


1 


1 
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Effect  of  Yohintiine  ard  Naloxone  on  Ml-indueed  Dtlrtdre] 

Oiree  groups  of  six  rats  were  used,  each  receiving  three  injections. 

Group  1 (control)  received  two  injections  of  the  saline  vehicle.  Group  2 was 
administered  naloxone  (1  ng/l<g,  l.p.l  and  saline,  ai»i  group  3 received  naloxone 
II  tig/ltg  i.p.)  and  yohljitine  (300  ug/)tg,  i.p.).  Ten  minutes  later,  all  of  the 
rats  received  MI  (200  ug/kq,  s.c.). 

Naloxone  again  produced  a significant  attenuation  of  All-stinulated 
drinJong  (Pig.  7] , an  effect  tdiich  was  re^^rsed  by  the  similtaneoua 
administration  of  the  alpha^-adrenoc^tor  antagonist,  yohinbine.  Other 
e>g)eriTOnts  (Fregly  et  al.,  19831  have  shown  that  Ml-induced  drinIcing  is 
enhanced  by  this  dose  of  yohimbine. 

Naloxone  and  clonidine  have  been  implicated  in  the  attenuation  of 
virtually  all  e)^erimentally-induc®3  drinking  studied,  ihe  results  of  this 
study  reveal  that  the  ccnbiistion  of  submaximal  doses  of  the  two  antidipsogenic 
agents  can  suppress  water  intake  induced  by  either  Ml  or  isoproterenol  to  a 
greater  degree  than  either  one  separately.  Since  the  sites  of  action  of 
naloxone  (to  blcxli  i^iate  receptors)  and  cloiidine  (to  inhibit  the  release  of 
norepinephrine  frcm  the  ptesynaptic  alpha-adrenergic  terminals)  are  presumed  to 
b«  distinct  and  separate,  an  interactive  attenuation  of  drinidng  wuld  be 
expected.  However,  analysis  of  the  inhibition  by  naloxone  and  clonidine  cn  MI 
and  isoproterenol-induced  drinking  revealed  an  additive  suppression  of  water 

The  participation  of  the  alphaj-adreixJcepitor  in  drinking  has  teen 
further  substantiated  by  danonstrations  that  the  specific  alpbaj-agonist 
(clcnidine)  and  alphaj-antagonist  (yohimbine)  have  opposite  effects  on 


Figure  7.  Effect  of  yohimbine  1300  ug/kg)  on  the 

antiaipsogenic  effect  of  nalowsne  li  rq/kg)  on 
All*incbced  drinking  1200  ug/kg) . ••Signiflcaittly 
different  from  control  (pCO.Oi) . 


Woter  intoke  during  first  hour  (ml/kq) 


25 
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e*perimentaily-in±iced  drinking.  To  test  the  posslhje  role  of  naloxone  at  the 
alpha-adrenergic  receptor  in  the  attenuation  of  Ul-inluced  veter  intake, 
yohiabine,  the  alpha^-adrenoc^stor  antagonist,  administered.  When 
ccmbined  with  naloxone,  ythinbine  reversed  the  antidipsogenic  effect  of 
naloxone  on  All-induced  drinking. 

As  the  actions  of  naloxone  have  alvays  teen  assumed  to  he  opioid-specific, 
it  naturally  inferred  that  opioids  were  involved  in  the  mschanisms  of 
drinking,  cpioid  agonists  have  been  reported  to  increase  wter  intake  (Cocper, 
1981;  Sanger,  1981;  Sanger  and  (fcCartl5>,  1981) . The  experimental  paradigm  of 
Sanger  and  IfcCarthy,  hcwever,  did  not  separate  the  drinking  effects  frcm  the 
opiate-stlnulated  increase  in  food  intake,  so  the  actual  effect  of  the  opioids 
on  unstimilated-drlrking  is  unclear  frcm  their  results.  Ihe  effect  of  opioid 
agonists  on  experltentally-induced  drinking  is,  however,  more  clearly  defined. 
Snk^halws  and  endorphins  attenuate  Ixith  All-  and  t^pertonic  saline-induced 
drinking  through  a naloxone-sensitive  mechanism  ISunny-lcng  et  al.,  1981a; 
Suiiiny-Iong  et  al.,  1981b) , and  morphine  can  reduce  drinking  stinulated  by 
carbachol  (Chance  and  Posencrane,  1977)  and  water-deprivation  (Frenk  and 
Regers,  1979).  It  has  been  inferred  from  these  results  that  the  endogenous 
opioids  are  involved  in  both  All  and  osrroreceptor  drlnkii^  pathways.  It  seems 
paradoxical  that  both  opiate  agonists  and  antagonists  suppress 
e;g»riiiientally-induced  drinking.  The  nndels  of  Oatley  11973)  and  Toates  11979) 
have  been  built  upon  to  provide  a partial  explanaticn  for  this  paradox.  The 
new  mcdel  in  Figure  8 involves  a sioplified  diagram  of  tw;  receptors  (p^ 
and  P.,  «4rich  represent  the  tvc»  dxin)ting  pathways  — osmoreceptor  and  All) 
and  their  convergence  to  form  a final  canton  pathway  (Fj  and  p,) . 

Since  )wth  naloxone  and  clonidine  inhibit  responses  to  stimulation  of  l»th 
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scme  point  a>  the  final  comon  pathway  II  and  II).  Whether  the  sensiUve  sites 
are  at  the  sane  terminal,  or  in  series  (as  shewn  in  III) , cannot  he  determined 
at  this  tite. 

The  fourth  figure  in  the  model  (IV)  considers  the  suppressive  effects  of 
the  endogenous  cpioids  (0)  on  drinkij^  induced  by  stlnulation  of  osnsreceptcr 
and  All  pathways.  Analogous  to  the  actions  of  naloxone  and  clonidine, 
enkephalins  and  heta  endorphin  may  also  exert  their  effect  alceig  the  final 
cemnon  fathway.  The  poseihility  exists  that  alphaj-adreixiCBptors  nay  be 
related  to  the  opioid  inhibition  of  experimentally-induced  drinking.  In 
additicn,  the  antidipeogenic  effect  of  naloxone  in  the  absence  of  opioid 
Influence  ray  not  be  t^Jiate-related  but  rattier  a conseguence  of 
alpha-adrenergic  nediaticm.  Thus,  the  inhibition  of  experimental ly-ijttuced 
drinking  by  naloxone,  as  veil  as  the  endogenous  opioids,  may  be  manifested  by 
the  inhiblton  of  norepinephrine  INE)  release  fron  tJ«  pte-synaptic 
alpha-adrenergic  terminals.  This  suggesticsi  mist,  horaver,  remain  speculative 
in  the  absence  of  any  other  evidence  that  the  effects  of  either  opioid  peptides 
or  naloxone  involve  direct  mediation  by  aliha-adrenxeptors. 


CHAPTER  IV 

ANSIOIHeiN  tl-nOlKTO  HWOIHEFMIA 
Introduction 


Body  tenperature  Is  raaintained  by  a balance  teCween  heat  ptoductlixi  and 
heat  loss.  A hypothalamic  regulatory  center  in  tlK  brain  nediates  these 
respsises  and  is  influenced  fcy  the  temperature  of  the  blood  entering  it  as  veil 
as  by  afferent  nervous  ijipjlses  from  perifheral  tlemoreceptors  (Jensen,  1980) . 
The  rrediation  of  these  tespcsises  by  central  "neurchunors"  was  first  suggested 
ty  \ton  Euler  119611 . The  later  studies  of  Feldberg  and  Myers  (1963)  and  Myers 
and  Yaksh  (1969)  si^gested  that  the  hyptsthalamic  regulaticn  of  body  tenperature 
«s  mediated  through  a balance  of  neurohunors,  particularly  «>repinei*rine , 
acetylcholine,  and  serotcnin.  A nunter  of  peptides  in  the  brain  nas  also  been 
ijiplicated  as  nrdulators  of  thermoregulatory  processes,  either  by  actir^ 
dlrecUy  in  the  jiypothalasus  or  by  Influeneir^  one  of  its  neural  pathways 
ISlatteis,  19B2!  Clar)t,  1979i  Uptcn  and  Glyn,  1980). 

Angiotensin  II,  an  octapeptide  involved. in  the  regulaticn  of  blood 
pressure,  secretion  of  aldosterone  from  the  adrenal  cortex,  ard  water  balanx 
(Reid  et  al.  1978) , may  also  influence  thermiregulation  in  namrals.  Central 
administration  of  this  ccepound  was  shown  to  reduce  body  tenperature  in 
monkeys,  rai*its  (Un,  1980;  Sharpe  et  al.,  1979),  and  rats  (Klyohara  et  al., 
19841 . Hcwevet,  large  doses  were  required  to  induce  these  responses,  and 
mechanisms  underlying  the  hypothermic  effects  of  centrally  aiininistered  All  cn 
body  temperature  ware  not  clearly  defined.  Ail  exerts  its  effect  on  blood 
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pressure,  secretion  of  aldosterone,  and  Mater  balance  by  both  perlp^ieral  and 
central  mechanisms  (fteid  et  al.,  197B;  Severs  et  al.,  197l|.  while  centrally 
administered  All  can  reduce  body  tenierature , an  effect  of  peri[9>erally 
administered  All  cn  body  tai^srature  has  not  been  r^xorted.  nils  was  the 
initial  aim  of  these  studies.  Mien  it  was  observed  that  peripherally 
administered  All  induced  hypothermia  in  rats,  additional  studies  were  carried 
cut  to  identify  some  of  the  possible  mechanisms  mediating  this  effect. 

The  tail  of  the  rat  serves  as  a short-term  thermoregulatory  organ  arM  in 
re^crise  to  both  internal  and  anhlent  tenierature  cnanges,  the  vasculature  of 
the  tail  either  vasoconstricts  or  vasodilates  to  maintain  a coistant  body 
tenperature  (Hellstrcm,  1975;  Ranahetal.,  1983;  Baidetal.,  1965).  previous 
studies  fron  this  laboratory  (Barney  et  al.,  1979;  Fiegly,  1983)  indicated  that 
activation  of  )oeta-adrenxeptors  by  administration  of  isoproterenol  is 
accmpanied  by  an  increase  in  tail  s)dn  tee^Mrature  (1ST)  that  is  seccndary  to 
an  Increase  in  metabolic  rate  and  heat  production  (Fregly  et  al.,  1980).  Sine 
peripheral  adninisUation  of  All  also  increased  1ST,  its  possible  interaction 
In  the  response  was  studied  by  means  of  a beta-adrenergic  agonist  anl 
antagonist.  Further,  the  cholinergic  system  also  mediates  lOTothermic  respcnses 
((iellon,  1972;  Jensen,  1960;  >^is  and  Ya)<sh,  1969) ; hence,  the  effect  of 
cholinergic  antagonists  on  the  theiroiegulatory  responses  following 
administration  of  All  was  assessed. 

Naive  female  rats  of  tie  Blue  Spruce  Farms  (Sprague-Oawley)  strain 

(TSTI  temperatures  was  performed  as  detailed  in  the  general  methods.  Table  1 
provides  protocols  for  Che  seven  different  experiments  described. 
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(1)  UI  (200  ug/Icg,  s.c.) 

(21  MI  (100  ug/lcg,  s.c.) 

(31  MI  ( 50  ug/lcg,  s.c.) 

(41  Ml  I 10  ug/kg,  s.c.) 

(31  0.94  SaUns  (1  nl/kg) 

(1)  MI  (200  ug/kg.  s.c.) 

(2)  Saline  (1  ml/kg) 

(1)  Saline  ccmtrols  (1  ml/kg) 

(2)  Saline  15  min  prior  to  AI  (200  ug/kg,  s 
(31  Captopril  (35  itg/kg,  i.p.)  15  min  prior 
(4)  Captopril  IS  min  prior  to  AI 

(1|  Saline  controls  11  ml/kg) 

(2)  Saline  ->  MI  (200  ug/kg,  s.c.) 

(3)  Isoproterenol  (25  i^/kg,  s.c.)  saline 

(4)  isoproterenol  * MI  (sinultaneously) 

(1)  &illne  controls  (1  ml/kg) 

(2)  Saline  20  min  prior  to  MI  (200  ug/kg, 
(31  Propranolol  (6  ng/kg,  i.p.)  20  min  pric 
(41  Propranolol  20  min  prior  to  All 

(1)  Saline  ccntrols  (1  (nl/kg) 

(2)  Saline  15  min  prior  to  All  (200  og/kg, 

(3)  Atropine  sulfate  (6  mg/kg,  i.p.)  15  niin 

prior  to  saline 

(4)  Atropine  sulfate  15  min  prior  to  Ml 

111  saline  controls  II  ml/kg) 

12)  saline  15  min  prior  to  MI  (200  ug/kg, 

(3)  Atrcp^  methyl  nitrate  (3.25  mg/kg,  i. 

(4)  Atropine  methyl  nitrate  15  min  prior  to 


B^eriment  2 differed  from  the  others 


described 


this  experiinent,  the  rate  of  oiQ^en  consunption  measured  with  an  open 
circuit  system  and  a Becloun  CH-ii  oxygen  analyzer  IMolph  et  al.,  19S4|. 

Each  rat  was  placed  into  a cylln3rical,  «ter*jacteted,  luclte  chanter.  The 
water  ten^erature  was  adjusted  to  maintain  the  tenperature  inside  the  chanter 
at  29  ; l°c.  Ihis  higher  temperature  was  chosen  to  mimic  the  response  to 
restraint  in  air  at  26®C-  The  higher  tenperature  is  also  necessary  to 
offset  the  greater  conductive  heat  loss  acconpanying  Inrersion  experiments 
(Flegly  et  al.,  19611 . !toom  air  passed  through  the  chanter  at  a rate  of  350 
ml/mln.  The  effluent  air  vos  dried  and  oxygen  concentration  measured.  Oxygen 
consisiption  was  calculated  in  terms  of  ml  of  oxygen  consumed  per  min  per  kg 
body  wight®-’®.  Colonic  and  tail  skin  tetiperatures  were  measured  with 
copper-constantan  themocotples  as  In  the  other  ei^erirents. 

At  the  beginning  of  each  eigertment,  the  thenrccouples  were  attached  to 
the  rats,  and  they  were  placed  in  the  lueite  chanters.  Heasureirents  of  the 
temperature  of  the  chamber,  TST,  CT,  and  oxygen  consumption  were  made  every  4 
min  during  a 30  min  control  period.  Seven  of  the  rats  were  tlen  administered 
200  ug  of  All/kg,  s.c.,  <dille  the  renBinlng  seven  received  an  equal  volume  of 
the  vehicle  (1  ml/kg,  s.c.) . Irrtnediately  thereafter,  the  rats  were  placed  back 
into  the  lueite  chanter  and  measurements  continued  for  arother  96  min.  wan 
rates  of  oxygen  consumption,  TST  and  CT  were  calculated  for  each  group  and 
compared  statistically  by  Student’s  t-test  (Snedecor  and  Cochran,  1956). 

Exceriment  1.  Effect  of  Acute  Administration  of  Angiotensin  11  on  Tall  Slcin  and 

Subcutanecus  administration  of  All  induced  a dose-depeixient  decrease  in  CT 
to  a moximal  level  of  -l.3°c  (Fig.  9A) . While  the  maximal  fall  In  CT 


Mean  colonic  lAI  and  fail  skin  (B)  tenr«cature9  c 
cats  administered  either  saline  or  All  (10>  SO, 
100,  and  200  i^/kg,  s.c.)  at  ti^  zero  are 

•Significantly  different  trcei  control  (p<0.05l . 
••Significantly  different  from  cmtrol  (p<0.01|. 
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induced  by  :D0  ug  of  All/kg  (-1.0°CI  was  less  than  that  induced  by  the  200 
ug  dose  (-1.3°) , the  differenra  was  not  significant.  The  duration  of  tt« 
response  at  each  of  these  doses  vas  also  similar  (84  mini . Hcsever,  the  fall 
in  CT  acecnpanying  administration  of  50  ug  of  Ml/kg  (-0.6°)  was 
significantly  different  fran  the  higher  doses  as  well  as  the  lowest  dose.  Ihe 
duration  of  the  cesgxMise  was  likewise  reduced  Co  24  min.  Administration  of  10 
ug  Ml/kg  induced  a decrease  of  0.2°  for  tie  first  90  min  which  was  not 
significantly  different  from  controls.  The  response  to  the  higher  doses 
increased  toward  cixiOol  level  after  90  ndn,  while  the  response  acccnpanying  10 
ug  All/ltg  began  to  decrease,  so  that  by  120  min,  tlK  teuiperature  had  decreased 
0.7°t. 

The  effect  of  All  on  1ST  was  similarly  dose-dependent  (pig.  9B) . Ihe  100 
and  200  ug/Kg  doses  induced  similar  increases  of  5.7°  and  4.2'^, 
re^ectively.  Us  reocimal  response  occurred  in  12  min  and  returned  to  ccsitrol 
level  by  24  min.  TST  re^onses  to  10  and  50  ug/)(g  doses  were  significantly 
Icssr  and  of  shorter  duration  than  the  higher  doses.  Increases  of  cnly  1.2  ard 
2.6°e,  respectively,  were  observed.  Although  srall,  these  responses  were 
still  significantly  different  from  controls.  Uie  increase  in  1ST  accorpanying 
adiunistration  of  10  and  50  ug  of  All/kg  renained  afcove  craitrol  levels  for  96 
min,  suggesting  a prolonged  vasodilation  and  heat  loss  with  the  lower  doses. 
Sgeriinent  2.  Effect  of  Acute  Administration  of  Anclotensin  11  on  Rate  of 

Administration  of  Alt  (200  ug/kgl  significantly  (p<0.0l)  decreased  rate  of 
oxygen  consumptiOTi  within  8 min  for  a duration  of  18  nln  (Fig.  lOCI . Uie  rate 
of  oxygen  consunptlon  of  the  control  groi^  was  socnei*at  variable,  but  a slight 
increase  ws  noted  within  the  first  three  min. 


was  prc^ly  due 


htean  colonic  temperature  lAI , tall  skin 
temperature  (B} , ani  rate  of  oxygen  consumption 
(Q  of  rats  adninlstered  either  saline  or  AH  1200 
ug/kg,  e.c.l  at  tine  zero  are  shoun.  Ote  SE  is 
set  off  at  each  mean.  ‘Significantly  different 
fran  control  (p<0.05).  ‘“Significantly  different 
frcm  control  (p<0.01). 
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to  the  etcitemant  acccnyanying  the  Injection  since  the  All-treated  group  also 
showed  a similar  Initial  increase. 

TST  also  significantly  increased  in  the  treated  group,  but  not  in  the 
controls  (Fig  lOBI . The  less  rctust  response  of  TST  under  these  eonditicms  can 
be  attributed  to  the  greater  thennal  stress  of  tt»  rat  within  a chairter 
imersed  in  water  coipared  with  restraint  in  air  (Fregly  et  al. , 1961).  Dk 

i.3°C  in  response  to  aibidnistration  of  All  (Fig.  lOA).  There  was  greater 
than  usual  variability  in  (7T  of  the  treated  anirols  under  these  cof»iiti«ia  and 


a slight  progressive  decrease  in  the 
BgiCTiiTOt  3.  Effect  of  Mmmistratio 


of  Captooril  on 


ye  Responses  of  Tail 


Jdministratiofi  of  Al  evoked  changes  in  CT  and  TST  that  were  similar  to 
those  tollwir^  treatment  with  All  (Fig.  11) . CT  fell  1.0°C  within  18  min 
after  injection  of  Al  and  rerained  significantly  reduced  for  54  min.  TST 
increased  5.9°C  within  12  min  ard  returned  to  control  levels  ty  30  min. 
Adminislratioi  of  the  Al  converting  enzyme  inhibitor,  captopril,  had  no  effect 
on  either  CT  or  TSI  wfien  ccnpared  to  controls . Administraticn  of  captopril  in 
ocmbinatlon  with  Al,  on  the  other  hand,  ccnpletely  abolished  both  the  CT  and 
TST  resjxMises  induced  ty  treatment  with  Al . 

Bgierlnient  A.  Effyt  of  Slnulyneous  Adynistration  of  Amiotensin  11  and 


Isoproterenol  and  All  were  atbninistered  together  in  order  to  evaluate 
their  ccmtoined  effects  on  thermoregulatory  respcnses.  The  ccnbination  resulted 
in  a mean  CT  which  was  not  significantly  different  from  controls  (Fig.  12A) . 
This  suggests  that  Ist^roterenol  prevented  the  All-induced  fall  in  CT. 


Figure  U:  Bttect  of  captopril  (35  ng/kg,  i.p.)  on  mean 
colonic  lAI  and  tail  skin  IBI  ten^eratutes 
following  edidjustration  of  A1  (200  ug/l<g,  s.c.l. 
Captopril  administered  15  min  prior  to 
^ministration  of  Al.  Cne  5E  is  set  off  at  each 
mean.  'Significantly  different  from  ccntrol 
(p<0.05|.  "Significantly  different  frem  control 
(pCO.Oll. 


‘TiTtxTTi'i^ 


following  adniniftration  of  Ist^coterenol  (50 
ug/kg,  s.c.l , All  (200  ug/kg,  s.c.l , and  t>« 
ccnblned  a^ninistratlon  of  All  and  isoproCeratsl 

• Significantly  different  from  control  (p<0.05) . 

*•*  Significantly  different  from  control  (p<0.01). 
tiBoproterenol  ♦ All  significantly  different  from 
All  (p<0.05|.  fisoproterenol  All  significantly 
different  from  All  (ptO.Oll . 


alone  caused  a slight  but  insignific 


within  6 min,  folltwed  by  a decrease  in  tenperature  below  the  level  of 
controls. 

With  respect  to  1ST,  administration  of  isoproterenol  to  saline-treated 
rats  inloced  a significant  elevation  15.7^)  for  70  rain  (Fig.  12B) . Ihe 
ccnbination  of  All  and  isoproterenol  resulted  in  a mximal  increase  in  1ST 
idiich  was  similar  to  administration  of  iscproterenol  alone.  The  duration  of 
response  accospanying  the  contiined  treatiient  was  significantly  reduced  at  52 
min.  The  mexiiral  response  to  administration  of  All  (4.3°)  occurred  in  12 
min  wSule  the  maximal  response  to  isoproterenol  alone  arad  isoproterenol  * All 
cccurred  at  IB  min.  After  18  min,  TSI's  of  the  latter  tw>  groups  were 
significantly  different  frai>  the  group  treated  with  All  alone. 

Bcerlment  5-  Effect  of  Pretreataent  with  Propranolol  ai  the  Besronses  of  Tail 

Administration  of  the  beta-adrei»ceptor  antagonist,  propranolol , alone 
evo(ted  a slow  steady  decrease  in  CT,  end  when  administered  prior  to  All. 
pn^anolol  enhanced  the  All-induced  fall  in  CT.  Oie  to  the  variability 
between  grcups,  this  reduction  was  not  significantly  different  from  that  due  to 
treatment  with  All  alone  (Fig.  13A).  However,  if  the  change  in  CT  of  the 
prcpranolol  ♦ All-treated  grcop  was  calculated  from  the  time  propranolol  wes 
administered,  the  raximel  fall  in  tenperature  was  2.2°C  which  wss 


significantly  different  frcm  the  mean  itaxiJiBl  reductico  of  1.2°C  in  the 


The  response  of 


affected  by 


Effect  of  propranolol  on  All-inauced  hypothermia. 
Mean  colonic  lAI  and  tall  shin  (B)  tenp^atures 
are  shoMi.  Propranolol  (6  nq/kg,  i.p.i  was 
administered  20  min  prior  to  aiiidnistration  of 
angiotensin  n (200  ug/kg,  s.c.).  die  SE  is  set 
off  at  each  mean.  *Slgnificantly  different  frcm 
control  (p<fl.05l.  ••Significantly  different  frcm 
control  (pCQ.DlI. 
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Eii^liiimt  6.  Effect  of  Mminlstration  of  Atropine  Sulfate  on  the  Beaccnses  of 

Pretreatmsnt  of  rats  with  the  cholinergic  antagonist,  atrcpine  sulfate, 
significantly  attenuated  the  fall  in  CT  acconanying  administration  of  MI 
(Fig.  14A) . The  ccmbined  treatment  resulted  in  a D.S't  reduction  in 
tarperature,  which  was  significantly  different  from  the  control  group  for  20 
min.  Administration  of  atropine  sulfate  to  saline-treated  rats  increased  Cl 
slightly  (0.4°  - 0.5°CI , but  since  a slight  increase  was  also  seen  in 
the  control  group,  the  difference  between  the  groups  wes  not  significant.  Ittt 
Cl  of  the  control  group  slowly  decreased  over  the  2 hr  pericd,  while  the  CT  of 
the  atropine-treated  group  remained  elevated.  By  2 hr,  the  two  groups  were 
significantly  different. 

The  mean  1ST  of  the  atropine-treated  rata  significantly  Increased  over  the 
2 hr  period  (Fig.  14B) . Administration  of  atropine  sulfate  prior  to  All  did 
not  affect  the  increase  in  TST  characteristic  of  administration  of  All; 
hcs«ver,  treatment  with  atropine  did  interfere  with  the  return  of  TST  to 
control  level.  In  the  last  24  min  of  the  experiment,  the  TST  of  rats  treated 
with  atropine  ♦ Ml  was  significantly  elevated  above  that  of  control  aid 

Bgcriment  7.  Effect  of  Administraticn  of  Atretaine  Methyl  nitrate  on  the 


To  evaluate  central  participation  of  the  cholinergic  system  in  tenperature 
respcstses  evoked  by  MI,  3.25  ng  of  atropine  methyl  nitrate/kg,  which  does  rot 
cross  the  blood-brain  barrier,  was  administered  prior  to  All.  Pretreatment 
with  atropine  methyl  nitrate  had  no  effect  on  either  the  decrease  in  CT  or  the 
increase  in  TSI  following  administration  of  All,  but  did  interfere  with  the 


Figure  14. 


Effect  of  atxt^Jlne  sulfate  on  All-inauced 
hypothermia.  Hear  colonic  (A)  and  tail  sJcin 
ten^eratures  are  showi.  Atropine  sulfate  (6 
mg/Icg,  i.p.)  ms  adinimstered  IS  iidji  prior  to 
administration  of  All  (200  ug/kg,  S.C.).  0)e 
is  set  off  at  eaoh  mean.  *Signiflcantly  dlffe- 
frot  control  (ptO.OSl.  * •significantly  differ 
frcm  control  (ptO.Oll.  TAtropine  ♦ All 
significantly  different  from  All  (p<0.05). 
(Atropine  • All  significantly  different  from 
IptO.Ol) 


ISI . Mministratic 


iwthyl  nitrate  to  saline-treated  rats  induced  a slow  fall  in  Cl  «hit*  ms 
significantly  below  that  of  controls  by  2 hr  but  did  not  affect  1ST. 

Systemic  administration  of  All  to  rats  evoked  a significant  fall 
(1.3°C)  in  Cl,  a significant  increase  |4.2°C)  in  1ST,  and  a concomitant 
decrease  in  metabolic  rate.  The  hypothannic  response  lasted  up  to  100  min,  was 
specific  for  All,  and  was  dose-related.  The  hypothermic  response  to  A1  was 
inhibited  i*en  its  ccnversicm  to  All  was  prevented  by  captopril  [Fig.  11) . 
Further,  the  extent  of  the  hypothermic  response  was  directly  related  to  the 
dose  of  All  administered  (Pig.  9) . Thus,  peripheral  administration  of  All 
evinced  physiological  responses  in  rats  eiBt  characteristically  occur  when  the 
animal  is  threatened  with  an  elevation  of  body  teirperature . The  reduction  in 
heat  production  and  activation  of  heat  loss  mechanians  suggest  hypothalamic 
msdiation.  [Jensen,  1900!  HaicKel,  1970?  Heeter,  1971i  Hyers  and  Taksh,  1969). 

An  effect  of  central  administration  of  All  cai  tody  tefrperature  has  been 
reported  (Kiyohara  et  al.,  1984;  Lin,  190Oj  Lin  et  al.,  1900?  Sharpe  et  al., 

1979)  . In  the  rabbit,  hyperthalamic  mictoinjections  of  doses  up  to  1.5  of 
All  resulted  in  only  a 0.5°C  reducUon  in  CT  which  occurred  15-30  min  after 
adiiunistration  and  slowly  returned  to  control  levels  within  75  min  (Sharpe  et 
al.,  19791 . Lin  reported  a 1.0-1.5°c  decreaee  in  the  CT  of  rabbits  (Lin, 

1980)  and  rats  (Lin  et  al.,  1900)  follcwing  Intraventricular  (l.v.t.) 
administration  of  All,  but  his  doses  of  10-40  ug  probably  initiated  a 
ncmspscific  effect  and  ney  actually  have  been  toxic  i.*en  one  cemsidere  that 
csily  nanogram  doses  are  required  to  Induce  significant  increases  in  blocd 
pressure  and  odious  drinking  in  the  rat.  The  doses  used  by  Lin  et  al.  (1900) 
also  resulted  in  vasoconstricticn.  However,  a srall  vasodilatory  response  1s 


Figure  15. 


Effect  of  atropine  tnetfyl  nitrate  on  Ml-induced 
hypothennia.  Mean  colonic  (A)  and  tail  skin  IB) 
tenperacures  are  sixmn.  Atropine  iiethyl  nitrate 
13.25  [tg/kg,  l.p.)  Mas  administered  15  ndn  prior 
to  administration  of  All  1200  ug/kg.  s.c. ) . tk>e 
SE  is  set  off  at  each  mean.  •Significantly 
different  from  control  [ptO.OSI . ••Significantly 
different  from  control  IpkO.Oll 


also  apparent  in  their  data,  although 


Thus,  there 


to  he  differences  betveen  the  responses  to  central  a«a  peripheral 
administration  of  MI  that  will  require  further  investigation. 

An  addiUonal  study  with  rats  has  been  reported  in  idiich  Kiychara  et  ai. 
(1384)  iontr^horetically  stimilated  17  out  of  37  irarm  unit  neurons  in  the 
medial  preoptic  area  of  the  tOTothalamus  of  the  rat  with  All  and  proposed  that 
the  increased  activity  of  the  warm  units  could  explain  the  1.0°C  fall  in  CT 
induced  by  bilateral  injection  of  MI  into  the  msdial  prepoptlc  area  (0.8  ug). 
HtMsver,  the  time-ecurse  of  the  hypothennic  response  in  the  study  by  Kiychara 
et  al.  contrasts  with  the  durations  observed  in  the  stuc^  of  lin  et  al.  and  in 
this  study.  In  addition,  the  hypcthetmic  response  is  not  specific  for  MI 
since  it  acecopanies  (OTOthalamic  administration  of  other  peptides  (eg.,  ACTS, 
KSH,  substance  P,  neurotensin  and  bcntiesin)  and  lasts  frc«n  1-2  hr  (Blatteis, 
1982;  Clark,  19791 . itus,  i*ether  U^re  is  a direct  central  effect  of  All  on 
taiperature  in  the  anterior  hypothalamis  is  not  clear  at  present.  To  explore 
alternative  possiMlltles,  the  interactich  of  MI  with  the  adrenergic  and 
cholinergic  systems  was  studied. 

Administration  of  iscproterenol,  a beta-adrencceptor  agonist,  induces  an 
increase  in  TST  that  ray  be  secondary  to  an  increase  in  ratabolic  rate  and  heat 
productice,  (Pregly  et  al.,  1980).  In  the  present  study,  isoproterenol  reversed 
the  decrease  in  CT  Induced  by  administration  of  All.  Houever,  the  caitoined 
treatment  raintained  the  elevation  in  TST  for  a longer  ;»rlod  than  was  the  case 
when  MI  was  administered  alone,  and  the  vasodilatory  effect  of  isoproterenol 
areeared  to  override  the  respcnse  to  administration  of  Ml.  The  influence  of 
Isoproterenol  on  the  CT  responses  could  suggest  the  Involvement  of  the 
beta-adrenergic  system  in  the  Ml-lnduced  hypothermia  and  ray  be  related  to  the 
^posing  actions  of  All  and  isoproterenol  on  metabolic  rate. 


-67- 


Prevlous  invesUgatlois  have  also  dsmsnstrated  that  propranolol,  a 
beta-adrenoceptor  antagonist,  could  ccnpletely  blodc  the  responses  of  CT  and 
TST  acctepa/^^ing  administration  of  isoproterenol  (Fregly  et  al. , 1980) . 
Administration  of  propranolol  prior  to  All  enhanced  the  fall  in  CT,  but  ejErted 
no  influence  on  TST.  Sl«»  norepinephrine  is  prc^xjsed  to  stimulate  rechanisms 
for  heat  production  and  conservation  (Hellon,  1971i  Jensen,  1980;  Maickel, 

1970) , a tendency  for  propranolol  to  augment  the  fall  in  Cl  in  the  All-treated 
rats  might  have  been  expected . Houever , the  absenre  of  an  effect  on  TST 
presents  two  interpretations  as  to  the  intervention  of  the  t»ta-adrenergic 
system  in  All-induced  hypothermia:  (a)  the  inability  of  prcpranolol  to  affect 
the  hypothermic  response  to  adninistration  of  All  suggests  that  this  response 
is  not  mediated  through  the  beta-adrenergic  system  and  that  the  interaction  of 
All  and  isoproterenol  on  CT  responses  is  due  entirely  to  their  opposing  effects 
on  metabolic  rate,  and  |b)  tl%  mechanisrre  of  heat  production  and  heat  loss 
associated  with  the  All-induced  hypothermia  are  mediated  through  separate 
neural  pathways.  The  decrease  in  CT  In  response  to  treatment  with  All  appears 
to  kie  mediated  through  the  beta-adrenergic  pathways  since  isoproterenil 
inhibited,  and  propranolol  enhanced  the  fall  .in  Cl  accompanying  administration 
of  All.  Present  data  do  not  allw  us  to  choose  one  of  these  possibilities  over 
the  other. 

In  contrast  to  the  role  of  norepinephrine  in  thermoregulation,  clulinerglc 
stijiulation  is  proposed  to  mediate  hypothalamic  responses  that  Initiate 
hypothermia  in  the  rat  (Hellon.  1972;  Jensen,  1980;  Myers  and  Yaltsh,  1969). 
Central  administration  of  carbadtol  Induces  a fall  in  CT  which  is  manifested  )oy 
decreased  heat  production  and  vasodilation  ((teeter,  1971) . cue  to  the 
similarity  of  the  hypothermic  responses  Induced  by  All  and  carbachol,  aid  the 
evidence  that  All  can  stimulate  the  release  o 


of  acetylcholine  frcm  pre 
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postganglionic  neurons  (Panisset,  1967) , an  attempt  was  made  to  determine  tl» 
extent  of  cholinergic  mediation  of  the  All-induced  hypothermia.  Ihe  nuscarinic 
receptor  antagonist,  atropine  sulfate,  significantly  inhihited  the  reduction  in 
CT  accoirparri'ing  administration  of  All,  but  did  not  affect  the  increased  TST. 
Atropine  sulfate  has  been  shown  to  reverse  both  the  CT  and  TST  responses  to 
central  carbachol  administration  (KirkpatrlcA  and  Lomax,  1967) . Atropine 
msthyl  nitrate,  the  quaternary  analogue  of  atrt^ine  sulfate  which  not 
cross  the  blocd-brain  barrier,  wes  ineffective  in  altering  any  of  the 
hypothermic  responses  to  All,  which  implies  that  the  reduction  in  CT  following 
treatment  with  All  may  be  a centrally  msdiated  cholinergic  response. 

The  vasodilatocy  tespcmse  of  the  tail  of  the  rat  to  administration  of  All 
cannot  te  explained  at  this  tins.  The  possibility  exists  that  the  response  is 
mediated  either  peripherally  or  centrally  by  a direct  effect  ot  All  receptors. 
It  Is  of  interest  that  hypothalamic  ndcroinjections  of  either  acetylcholine  - 
physostlgmine  or  cartachol  in  the  rabbit  induces  either  hyperthermia  (Sharpe  et 
al.,  19791  or  no  thermal  response  (Hellon.  1972).  Beferring  back  to  the  study 
of  Sharpe  et  al.  (1979)  in  vdiich  All  induced  a 0.5®C  reduction  in 
teffperature,  it  nay  be  speculated  that  this  decrease  is  due  to  Ua  heat  loss 
component  of  the  system,  and  that  the  cholinergic  pathway  may  trediate  the 
decrease  in  heat  production  observed  in  the  present  study.  It  is  U^efore 
possible  that  stimulation  of  central  All  receptors  iray  mediate  heat  loss 

ITie  separatioi  of  tte  hypothalamic  regulatory  mechanisms  presents  a 
Exjzzllng  aspect  of  the  All-induced  hypothermia.  It  has  been  postulated  that 
the  mechanisms  controlling  heat  loss  and  heat  production  are  linked  throu^  the 
same  hypothalamic  control  system.  The  concomitant  but  opposite  respwaes  of 
decreased  heat  praduction  and  increased  heat  loss  to  administration  of  All  are 


responsme  for  the  reduction  in  CT.  The  fact  that  a cholinergic  blocking  agent 
failed  to  affect  the  vascxiilatory  response  of  the  tail  to  administration  of 
All,  t^le  preventing  the  reduction  in  col<^c  tenpsrature,  sug^sts  that  the 
ccnporent  of  the  All  response  affecting  heat  prcduction  can  be  blocked 
independently  of  that  subserving  heat  loss.  Additional  studies  will  be 
re^iired  to  clarify  conpletely  the  mechanism  by  which  peripheral  administration 
of  All  induces  l^othermia  in  rats. 


r 


oapus  V 

FACWRS  AFPECTIW3  AH3IOTB«IN  Il-llCUCEC  HYfOnfflWIA 
Intrciiliirttcgi 

Ttie  role  vruch  angiotensirt  II  |A1U  plays  in  tlta  lagulation  of  blood 
p-esaure  anl  \«tar  balance  and  the  jiathways  red ia ting  these  respcnses  have  tean 
thoroughly  investigated.  Hwever,  the  mechahism  by  uhich  All  induces  its 
hypothemdc  effects  Is  unJoiown.  In  order  to  identify  further  the  taechanism  of 
All'in^jced  hypothermia,  several  e^^riments  were  uraSertaXan  to  evaluate  this 
response  in  ccnparison  to  the  All-induced  dipsogenlc  and  pressor  responses. 

The  effect  of  All  on  blood  pressure  and  drijiXijrg  is  thought  to  be  nediated 
in  fart  by  catecholantines . Blockade  of  norepinephrine  release  with  clonldine, 
an  aipha.-adrenoc^itor  agonist,  can  attenuate  the  dipscgenic  re^onse  to 
All  IPiegly  et  al..  l9Bli  CTegly  et  al..  19e4a.b) . Nalogccne,  an  opioid 
realtor  antagonist,  also  reduces  the  drinking  resptnse  to  All  IBroun  aid 
Holtzman.  l$81bf . As  dsnonstrated  in  Chapter  I,  yohuibine,  an 
alphaj-adienoeeptot  antagonist,  can  reverse  the  dipsogenic  inhibiticn 

on  water  intake  IFregly  et  al. , 19B4a,).  Additi<»ally.  clonldine  can  reverse 
the  pressor  response  of  All  IReld  et  al.,  1978) . Thus,  the  effect  of  these 
agents  on  All-lrduced  hypothermia  was  also  evaluated. 

Although  a few  studies  tsive  d^ronstrated  that  central  administxaticn  of 
All  can  affect  temperature,  large  doses  were  used  and  the  responses  were  not 
caisistent  (Lin  et  al.,  I980t  aiarpe  et  al.,  1979).  Hierefote,  the  effects  of 
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specificity  of  the  response  and  to  assure  that  the  cause  of  the  hypothermic 
respoise  wis  r»t  due  to  conversion  of  MI  to  Mil,  the  effects  of  specific 
angiotensin  antagonist,  saralasin,  ani  of  the  heptapeptide  were  also 
investigated.  In  a final  atter?it  to  characterize  the  vasodilation  of  the  tail 
induced  ty  MI,  indomethacin  kas  administered  to  block  the  possible  induction 
of  Ml-stiirulated  prostaglanlin  synthesis  and  release  (Gintrone  aiti  Alexander, 
1975) . The  results  of  these  studies  are  presented  below, 

Hethods 

Naive  feiale  rats  of  the  Blue  Spruce  Farms  ISprague-Oawleyl  strain 
weighing  200-280  g were  used. 

Tail  s)(in  {TST)  and  colonic  tespera  cures  ICT)  were  omasured  at  26  + 

1 C while  the  rats  v«re  restrained  in  plexiglass  tunnel-type  cages  as 
described  In  the  general  methods.  Table  2 provides  the  protocols  for  the 
experiments  described.  For  brevity,  several  of  the  experiments  were  grouped 
together  in  the  table  and  in  graphs. 

Results 

Biperimsnt  1.  Effect  of  Intracerebroventricular  Aanimstratlcm  of  Angiotensin 

Intracerebrovencricular  administration  of  10  and  100  ng  of  MI  did  not 
significantly  affect  either  CT  or  TSr,  while  1 ug  of  All  induced  a iraxinal  fall 
in  CT  of  0.4  C vtiich  was  significantly  different  from  controls  for  the 

steadily  increased  by  0.9°C  at  120  min  (Fig.  16A) . The  initial  response  of 
TST  to  i.v.t.  administration  of  1 ug  of  MI  was  a fall  (0.5°c)  in  the  first 
6 min,  followed  at  18  min  by  an  Increase  (2.4°C)  in  TST  (Fig.  16B).  This 
latter  response  was  quantitatively  different  frcm  that 
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TAai£  2:  DRUG  TBEMMBJT  PSOKCOL 


All  (10  ng/5ul,  i.v.t.l 
All  (100  ng/5ui,  l.v.t) 
All  (1  ug/5ul,  i.v.t.l 
Saliiie  (S  ul,  i.v.t.l 


II  AlII  (200  vg/kg,  s.c.) 
21  Saline  (1  ml/kgl 


66 


111  &line  controls  (1  inl/kg| 

(21  Saline  10  min  prior  to  All  (200  ug/kg,  s.c.l 
(3-6|  Saralasin  (either  1,  10,  or  100  ug/kg,  s.c.l 
10  min  prior  to  saline 

(7-91  Saralasin  (either  1,  10,  or  100  i«/kg,  s.cl 
10  min  prior  to  All  (200  ug/kgl 
1101  Saline  10  min  prior  to  All  (100  ug/kg,  s.c.l 
(111  Saralasin  (100  ug/kgl  10  min  prior  to 
All  (100  ug/kgl 


36  (II  Saline  controls  II  ml/kgl 

(21  Saline  ♦ All  (200  ug/kg,  s.c.l 
(3-41  Either  clcnidine  (25  ug/kg,  s.c.l  or  naloxone 
(1  ug/kg,  i.p.l  ♦ saline 
(5-61  Either  clonidlne  or  naloxone  ♦ All 
(sijiultaneouslyl 


4B  24  (1)  Saline  controls  (1  ml/kgl 

(21  Saline  15  rain  prior  to  All  (200  ug/kg,  s.c.l 
(31  yohimbine  (300  ug/kg,  s.c.l  13  min  prior  to  saline 
I4|  Yohimbine  15  rain  prior  to  All 


4C  36  (11  Saline  controls  (1  ml/kgl 

(21  Saline  20  min  prior  to  All  (200  ug/kg,  s.c.l 
(31  Intonethacin  (4  ug/kg,  i.p.)  20  min  prior  to  saline 
(41  IndoiBthacin  (6  ng/kg,  i.p|  20  min  prior  to  saline 
151  Irdcmethacln  (4  ng/kgl  20  min  prior  to  All 
(6|  Indcmethacin  (6  mg/Vgi  20  min  prior  to  All 


Figure  Ifi.  Hsan  colonic  (A)  and  tail  skin  (Bl  terfperatures  of 
rats  administered  either  i.v.t.  saline  or  All  (1 

Mt  off  at  each  mearu  ^Significantly  different 
from  control  (p<0.0S| . **Significantly  different 
frcm  control  (pkO.Ol) . 
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administration  of  All  Oiich  resulted  in  a rapid  (4-5°ci  increase  in  TST 
within  6-12  nln. 


etimenc  2.  Effec 


of  Aiwiotensin  ill  on  Tail  Skin 


subcutaneous  administration  of  AIII  1200  ug/kg)  iraJuced  a slight  increase 
in  CT  (0.3°c)  4*iich  vas  not  significantly  different  fron  controls  (Fig. 

17A) . Hcwever,  as  the  CT  of  controls  slowly  decreased,  CT  of  the  Ain-treated 
group  remained  steady  so  that  by  120  min  the  difference  tetueen  the  Mo  groups 
was  significant.  The  response  of  TST  to  administration  of  AIII  was  not 
significantly  different  from  the  controls,  although  an  initial  tendency  for  a 
decrease  in  TST  wes  iSjserved  (Fig.  17BI . 

BgerijiiCTt  3.  Effect  of  Pretreatirent  with  Saralaain  an  the  Heaconses  of  Tail 


Subcutaneous  administration  of  200  ug  All/kg  produced  a 1.2°C  fall  in 
CT  and  a 4.3°C  increase  in  TST  as  previously  reported  (Figs.  18  and  19) . 

The  administration  of  1 to  100  ug  saralasin/)tg  did  not  significantly  affect 
colonic  tergeracure  (Fig.  10A  and  19A) . In  contoinalion  with  All,  neither  the  1 
nor  the  10  ug/kg  dose  of  saralasin  prevented  the  fall  in  CT  induced  by 
administration  of  All,  althcugh  CT  of  the  groi^  given  1 ug  saralasin  All 
returned  to  control  levels  at  a faster  rate  than  that  of  the  group  treated  with 
All  alone,  pretreatment  with  100  ug  saralasin/kg,  on  the  other  hand, 
significantly  attenuated  the  saxiiui  fall  In  CT  and  the  duration  of  the 
hypothermia  induced  by  Alt  (Pig.  19A) . The  eoituned  treatment  resulted  in  a 
fall  of  only  0.7°c. 

Although  an  agonist-like  increase  in  TST  of  1.2  and  i.9°C  was  induced 
by  1 and  10  ug  saralasin/kg,  respectively,  the  elevation  in  TST  accoigianying 


Hean  colonic  lAI  and  tail  skin  (B)  temperatures  of 
rats  administered  either  saline  or  AIIl  1200 
ug/kg,  s.c.)  at  time  zero  are  shown.  Cne  SE  is 
set  olf  at  each  tteST  *5Tgnificantly  different 
fras  control  (p<0.05). 


figure  IB.  effect  of  1 and  10  ug  saralas 
%11'lnduced  hypothermia,  (tea 
tail  skin  (B)  temperatures  ar 
was  administered  10  min  prior 


ce  shown!  saralasin 
r to  All  (200  ug/kg, 


tSignificantly  different  from  All  (ptO.OS) . 
TSignificantly  different  from  All  (p<0.01). 


Figure  19.  Hfect  of  100  ug  saralasin/kg,  s.c.  on  mean 

colonic  (A)  and  tail  s)cin  (Bl  temperatures  of  rate 
administered  either  All  (200  ug/kg,  s.c. I or 
saline  is  shown.  Saralasin  was  adninistered  10 
min  prior  All.  Cne  SE  is  set  off  at  each  mean. 
fSignificantly  different  from  All  (p<0.05). 
tSlgnificantly  different  frcm  All  (pcO.Ol) . 


adninistration  of  All  was  not  significantly  affected  by  pretreatnsnt  with  the 
Icfcec  doses  (Fig.  18B1 . In  fact,  administration  of  All  reduced  the  prolonged 
vasodilatory  effect  observed  durir^  treatment  with  the  antagonist. 
Administration  of  100  ug  saralasin/kg  also  produced  a prolonged  agonist-liJte 
increase  in  TST  of  1.0°C,  which  was  likewise  diminished  by  Oie  ccnfcined 
treatment.  How/er,  at  this  dose  of  saralasin,  the  itexirral  incr^se  in  TST 
induced  by  All  uaa  reduced  to  1.6°C  (Fig.  19B) . 

TO  determine  i*ether  a more  complete  blockade  of  the  hypothennic  response 
induced  by  All  could  be  achieved,  the  dose  of  All  was  reduced  to  100  ug/kg. 
&iralasin  (100  ug/kg)  significantly  attenuated  both  the  fall  in  CT  and  the 
increase  in  1ST  induced  by  100  ug  All/kgj  htsiever,  the  extent  of  the  reduction 
was  not  different  from  that  seen  at  the  higher  dose. 

BcFeriment  4A.  Effect  of  Administration  of  Either  Clomdine  or  Naloxone  cn  the 
teSFOhses  of  Tail  Skin  and  Colonic  Temperatures  to  Acute  MirUnistrauon  of 

Naloxone,  an  opioid  receptor  antagonist,  had  no  significant  effect  on  CT 
when  administered  alone,  tut  v*en  corbined  with  All,  naloxwie  hastened  the 
onset  of  the  fall  in  CT  (Fig.  20A) . Within  12  min,  a decrease  in  CT  of 
l.4°C  ves  observed  in  the  rats  treated  with  naloxone  and  All.  Itie 
All-treated  grtup  did  not  attain  a caiparable  temperature  until  after  24  min. 
Administration  of  the  presynaptic  alpha-receptor  agonist,  clonidine,  also 
enhanced  the  reductiai  in  CT  induced  by  All,  but  the  effect  was  oudi  more 
dramatic  since  cicnidine  alone  Induced  a 1.5'^  redi^ion  in  CT.  The 
cambined  treatment  of  clonidine  and  All  induced  a meximel  additive  decrease  in 
CT  of  2.B°C. 

Neither  clonidine  nor  naloxone  altered  basal  TST.  The  All-induced  increase 
in  TST  was  not  affected  by  treatment  with  naloxone,  idule  clonidine  prolcuged 


Effect  of  sitter  clonidine  (25  ug/ltg,  s.c.l  or 
reloxone  (I  nq/k9j  i.p.)  on  Ul-ireiuced 
tiypotherraia.  dean  colcfiic  (A)  araJ  tail  sititi  |B| 
te^ratures  are  shown.  Cue  SE  is  sat  off  at  each 
mean.  tsignificantly  different  frcm  All 
(p<0.05).  Wsignlficantly  different  frcm  All 
(ptO.Ol). 


the  vascdilaUon  of  the  tail  iFig.  20B) . The  maximal  increase  of  6.1°C  has 
not  significantly  different  from  the  response  Induced  by  All,  but  the  TSI  of 
clcsiidine  ♦ All-  treated  rats  rerained  significantly  elevated  above  both 
control  and  All-treated  groups  for  18  additional  min. 

Bgeriment  4B.  Effect  of  fctivinistraticn  of  Yia-gj'toine  cti  Angiotensin  ll-lndi»-«»< 

Since  yohimbine  has  been  shown  to  enhance  All-induced  dipsogenesis , the 
effect  of  this  alpha2-adrencceptor  antagonist  on  All-induced  hypotl^rmia 
vas  evaluated.  Pretreatment  with  yohintoine  failed  to  affect  either  basal  CT  or 
the  decrease  in  n induced  by  All  (Fig.  21) . with  respect  to  1ST, 
administration  of  yohiatoine  alone  to  rau  induced  a slow,  prolonged  elevation 
of  1ST  (4.1^) . The  addition  of  All  to  ychijublne-treated  rats  evoked  a 
raaxljiBl  increase  of  6.3°C,  which,  because  of  the  tuie-course  of  the 
treatnents,  was  significantly  elevated  above  the  response  to  All  alone  at  6 
min.  Interestingly,  the  decrease  in  TST  which  follows  the  initial  increase 
that  occurs  after  administration  of  All  was  also  observed  in  the  All  <- 
yohimbine-treated  group.  Thus,  the  effect  of  All  appeared  to  override  the 
effect  of  yohinbine. 

Sl^aSi^and'c^^*^*  Pretreatment  with  Indomethacin  on  the  Sesponae^of 

lb  determine  whether  the  increase  in  TSI  accai^nying  administration  of 
All  was  due  to  the  mediation  of  prostaglandins,  indcrothacin,  a cycloroeygenase 
enzyme  inhibitor,  was  administered  prior  to  All  (Pig.  22).  Pretreatment  with 
indcnethacin  augmented  the  fall  in  CT  at  both  doses  used,  but  did  not 
significantly  affect  the  elevation  in  TST. 


Figure  21.  Effect  of  yohijitoine  on  AII-in3uced  hypothermia. 

I«an  colonic  lAI  aid  tail  slcin  IS)  tenpeiatures 
ace  shewn,  fc^uiibine  1300  ug/kg,  s.c.)  was 
administered  15  min  prior  to  All  (200  ug/kg, 
s.c.l.  Cne  SE  is  set  off  at  esdi  mean. 
ISlgnificantly  different  frem  All  (p<O.OS). 
tsignificantly  different  fron  AH  IpkO.Ol) . 


22.  Effect  of  indcjnBthacin  on  All-induced  hypothermia. 
I«an  colonic  |AI  and  tail  s}cin  (B)  tenpieratures 
are  shown.  Indciistha::in  {either  4 or  6 ar^/Vij, 
5.C.)  was  administered  20  min  prior  to  All  <200 
ug/hg,  S.C.).  cne  SE  is  set  off  at  each  mean. 
tSignificantly  different  frcm  All  (p<0.051. 
tSignificantly  different  frcn  All  IpcO.Ol). 


Discussion 

The  hypothermic  response  elicited  by  subcutaneous  administration  of  All 
appears  to  be:  (a)  specific  for  the  octap^ldei  (b)  inducible  with  central 
administratlan  of  AIIi  ai»5  (c)  mediated  hy  mechanises  distinct  from  All-indured 
pressor  and  dipsogenic  responses.  As  previously  demonstrated,  subcutaneous 
adninistration  of  All  produced  a fall  in  CT  of  1.3°C  and  an  increase  in  1ST 
of  4.2  C.  Angiotensin  I produ:*d  an  identical  response  which  was  inhibited 
'rf>en  the  cohversicn  of  AI  to  All  vas  prevented  with  the  converting  enzyne 
inhibitor,  captopril.  In  contrast,  the  heptapeptide,  AIII,  idiii*  is  proposed 
to  mediate  several  of  the  effects  of  All,  did  not  lnflue«:e  thermoregulatory 
respoises.  Thus,  the  degradation  of  All  to  AIII  does  not  afpear  necessary  for 
the  hypothermic  responses  accoipanying  administration  of  All.  The  specificity 
of  the  response  is  reinforced  by  the  ability  of  saralasin,  a specific 
All-receptor  antagonist,  to  reverse  parUally  both  the  increase  in  TST  and  the 
fall  in  CT.  iherefore,  the  hypothermic  tespcose  which  accctipenies 
admnistiation  of  All  is  mediated  by  All  receptors,  the  location  of  which  is 
uncertain  but  could  be  within  the  central  nervous  system. 

Although  the  metabolic  effect  of  central  administration  of  All  has  been 
investigated,  the  results  of  these  investigations  are  not  consistent  due  both 
to  the  dcse  and  route  of  adminislraticn  (l.v.t.  vs  microinjections  into 
specific  brain  regions)  (Kiyohara  et  al.,  1984i  Lin  et  al.,  I980j  Snarpe  et 
al.,  1979) . In  the  present  study,  l.v.t.  adininistraticn  of  All  did  not  appear 
to  Induce  as  great  a hypothermia  as  peripheral  administratirai.  colonic 
teaperature  fell  only  0.4°C,  one-third  of  the  decrease  observed  with  the 
peripheral  response.  The  effect  of  central  adninistraticn  of  All  on  TST  was 
about  half  that  Induced  by  peripheral  administration  (2.4“^).  Diis 

in  central  responsiveness  contrasts  with  the  participation  of  the 


reducticn 
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brain  angiotensin  systen  in  pressor  and  dipsc^enic  responses.  Hie  threstold 
for  drinlung  to  intracranial  administration  of  All  in  the  wter-replete  rat  is 
10"^®  to  10"^^  mol.  At  a dose  of  100  rq  (10'^°  crol.) , which  did  not 
affect  tenperature,  the  amount  drunk  in  15  min  approached  the  total  amount  of 
Veter  a rat  wuld  consume  In  24  hr  (Sirpson  et  al. . 1978) . As  little  as  50  fg, 
administered  directly  into  the  optic  recess,  can  also  elicit  pressor  responses 
(Phillips,  1976).  Thus,  atcot  10®  fold  caore  All  is  required  to  produce  a 
hypothermic  response  in  the  rat  by  i.v.t.  administration  than  that  required  for 
dipsogenic  and  pressor  responses.  Ibe  time-course  of  the  responses  also 
differs.  Both  the  pressor  and  dipsogenic  responses  occur  within  one  min  and 
are  ccnpleted  within  about  15  min.  As  is  cajserved  in  Figure  16,  the  effect  of 
i.v.t.  aiininisttation  of  All  is  not  fully  apparent  until  15  min  after 
injection.  The  dipsogenic  effect  of  peripheral  administration  of  All  is  also 
sctt&diat  delayed  when  compared  to  the  central  response,  while  the  reverse 
occurs  in  terperature  respaisiveness . It  is  possible  that  the  i.v.t.  route  of 
administration  may  not  afford  ready  accessibility  to  the  site  of  action.  If 
this  is  the  case,  it  would  suggest  that  the  locus  for  the  mediation  of 
All-induced  hypothermia  is  different  from  that  for  All-induced  dipsogenic  and 
phressor  responses. 

Some  insight  into  the  location  of  a central  site  mediating  the  hypottermic 
response  to  All  has  teen  given  by  Kiychara  et  al.  (1984)  who  r^rted  that 
bilateral  raicroinjecticmis  10.2-1.0  ug)  into  the  medial  preoptic  area  (MEO)  of 
rats  could  elicit  transient  decreases  in  CT  which  correlated  with  increased 
activity  of  lontcphoretical  ly  stimulated  warm  unit  neurons  in  the  MFO.  In 
additioi,  Sharpe  et  al.  (1979)  indicated  that  microinjections  of  1.5  ug  All 
into  the  lateral  regions  of  the  forelwain  and  medial  regions  in  the 
hypothalanus . thalamis,  midtrain  and  pons  could  elicit  a 0.5°C  fall  in  CT 


that  All  iray  initiate  directly  the  themoreguiatnry  responses  (Henselj 


termiialis.  mediate  the  dipscgenic  and  pressor  responses  to  All  in  rats  (land 
airi  Johnson.  19821 . However,  it  has  been  demonstrated  that  lesicns  in  the  MPO 

or  peripheral  administration  of  All  (Kucftaresyk  et  al.,  19161.  lateral  regions 
of  the  forebrain  are  UKewise  not  known  to  mediate  either  the  dipeogenic  or 


thennoregulatory  response  are  so  large,  it  appears  that  diffosiwi  from  the 
micro  injected  areas  ney  be  required. 


several  of  the  other  facets  of  All-irduced  hypothermie  suggest  that  this 
effect  is  mediated  by  nechamsns  different  frcei  those  mediatli^  its  pressor  and 


(PitrsiJioos,  1971;  lOrmaer  et  al.,  1902;  Bright  et  al.,  19B4I . It  is  proposed 
that  degradation  of  Ml  to  AIIl  accounts  for  a portion  of  the  dlpscgenic  and 
pressor  effects  of  MI.  the  inability  of  Mil  to  mimic  the  hypothermic  effect 


of  All  euggests  that  the  response  is  specific  for  All. 

Additional  studies  using  saralasin  support  the  suggesticn  tlttt  All-induced 
•Wnthemia  is  a specific  receptor-mediated  event.  Ihe  agonistic  effect  of 

■ saralasin  observed  with  each  of  the  doses  is  also  apgarent  in  the  other 

■ All-iniuced  effects.  Ihis  system,  however,  appears  to  he  more  sensitive  to 
I ^hhibiticn  than  either  the  dipsogenic  or  pressor  responses  since  the 

I *WDthermic  responses  were  attenuated  by  a dose  of  saralasin  half  that  of  MI. 
^ central  blockade  of  the  drinking  response  to  MI,  a 10:1  ratio  of 
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saralasiniAII  is  required  (^teln  et  al.,  1974) . to  inhibit  the  pressor 
response  to  an  acute  i.v.  Infuslcfi  of  All,  the  amount  of  saralasin  necessary  is 
5-7  times  the  amount  of  All  (>Bnn  et  al.,  1983) . 

The  role  of  catecholamines  in  the  regulation  of  blocd  pressure  and 
drinlung  is  well  documented:  All  has  been  snowi  to  release  norepinepiirine  (MB) 
fran  synpathetic  nerve  endii^s  (Hughes  and  Both,  1971);  and  either  depletion  of 
central  catecholamines  with  6-hydrox^i^aiTiine  or  stinulation  of  central 
alphaj-adrenoceptors,  >4ilch  inhibits  NE  release,  significantly  diminishes 
the  dipsogenic  and  pressor  responses  to  acute  administration  of  All  (Pitrsimons 
and  Setler,  197S;  Fregly  et  al.,  1984a,bi  Gordon  et  al.,  1979).  In  acUiticsi, 

NE  is  proposed  to  play  a role  in  tenperature  regulation;  lionever,  different 
effects  are  obtained  d^»nling  uptxi  the  dose  and  route  of  administration  (Veale 
and  Vfcishaw,  1976) . The  administration  of  tE  into  the  preoptic/anterior 
hypothalamic  area  has  been  shown  to  evo)«e  a reduction  in  CT  and  an  increase  in 
TST  (Poole  and  Stephenson,  19791.  The  inability  of  the  alphaj-adrensceptor 
agonist,  clonidine,  to  antagonize  tlie  hypothermic  effect  of  All  reinforces  a 
dissoclatico  of  its  hypothermic  effect  from  its  presses:  and  drin)ung  effects. 

Ihe  effect  of  naloxone  on  drin)ang  behavior  is  often  interpreted  as  an 
indication  of  the  involvement  of  opioids  in  ingestlve  behaviors  (Brown  and 
Holtzman,  19Blb) . Hewever,  as  discussed  previously,  the  effect  of  nalowme  on 
All-induced  dipsogenesis  ray  be  due  to  its  central  inhibition  of  NE  release. 

In  either  case,  the  adraixdstration  of  naloxone  did  not  reduce  the  hypothermic 
effect  of  arpiotensin.  Naloxone  has  been  reported  to  bloc)t  the  tw^thermic 
effects  of  apororphine,  chloroprcnaziia  and  ethanol  in  mice  (Heiss  et  al., 

19841 . This  suggests  that  opioids  are  not  involved  in  All-induced  hypothermia. 

Vchlmbine,  an  alpha^-adrenoceptor  antagonist,  can  reverse  the 
dipsogenic  inhibition  of  clonidine  and  nalo>r>ne,  as  well  as  the  tQpotheimic 


drinking 
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load  or  its  Internal  thernoregulatory  controls  Msre  readjusted  to  operate  at  a 
loser  core  tenperature . Inieed,  it  has  been  reported  that  plasna  renin 
activity  (PRA)  increases  ;dien  hunans  are  subjected  to  a heat  stress  for  40-50 
min  (Escourrou  et  al.,  19821.  This  i«:rease  in  ERA  can  be  blocked  by 
administration  of  propranolol . a beta-adrenoceptor  antagcmist  rfiidi  blacks  the 
release  of  renin  from  the  kidneys . Bleed  flow  to  the  forearm  also  increased 
during  heat  exposure  and  this  response  was  likewise  attenuated  by  propranolol. 
Although  the  inhibitory  effect  on  forearm  blood  flow  was  attributed  to  the 
decrease  In  blcod  pressure  by  pn^anolol,  the  possibility  that  the  reduction 
in  PBA  may  have  contrilwted  to  the  response  stwuld  not  be  disregarded. 

Clonidine  also  reduces  blood  pressure,  but  the  vasodilatory  effect  of  All  and 
presumed  increase  in  blood  fltw  persisted,  nius,  the  possibility  exists  that 
All  may  be  intricately  Involved  in  temperature  regulation,  in  particular, 
during  heat  stress.  The  fall  in  colonic  temperature  appears  to  be  mediated 
throutftt  a central  cholinergic  systen,  and  tte  activation  of  heat  loss 
mechanisms  may  involve  the  direct  effect  of  All  upon  the  vasculature  of  the 
tail.  Whether  this  is  due  to  a receptor-nediated  vascdilation  or  an  alteration 
in  the  blood  flew  within  the  tail  has  yet  to  be  established. 


CHAITEB  VI 

HINERAICCOfiTICOIDS  H30UIATE  CHffRAL 
WGIOTENSIN  II  BEXHTOBS  IN  RMS 

Intreductlon 

Whether  aiininistered  peri^rally  or  centrally,  the  octapeptide, 
angiotensin  II  (All) , is  telieved  to  interact  vn.th  its  receptors  in  the  central 
nervous  system  to  elicit  drinking  and  pressor  responses  (Fitasimons,  1980;  Lirri 
and  jiSinson,  1992;  Mann  et  al.,  1981:  Jhillips,  1980;  Severs  et  al.,  1971; 
Sirett  et  al.,  1979).  The  physiological  factors  v*ich  regulate  central  All 
receptors  are  unclear  at  present.  *wever,  there  is  some  evidence  that  steroid 
hormones  may  influence  the  binding  of  All  to  its  receptors  in  both  peripheral 
tissues  and  in  the  central  nervous  system.  Thus,  binding  of  All  to  its 
receptors  in  mesenteric  arteries  and  adrenal  cortices  of  the  rat  is  influenced 
toth  by  the  presence  in  excess  ar»i  by  the  absence  of  wineralcorticoid  hormones 
(Douglas  and  Brewn,  1982;  Schiffrin  et  al.,  1984;  Schiffrin  et  al.,  1983b). 
Further,  additicnal  studies  have  uxiicated  that  chroiuc  administration  of 
estradiol  reduces  the  binding  of  All  to  its  receptors  in  the  hypothalamus 
(Fregly  et  al.,  1985;  Jon)claas  and  Buggy,  1985).  The  present  studies  were 
carried  cot  to  determine  whether  chronic  adnunistratlon  of  deoQTOMticosterone 
acetate  IDXA)  to  rats  affected  the  binding  of  All  to  its  receptors  in  a block 
of  tissue  COTtaining  the  hypothalamus,  thalamis  and  septum  (mS)  and  to  assess 
i*ether  these  changes  were  manifested  in  the  dlpsogenic  and  pressor 
responsiveness  to  both  peripheral  and  central  administration  of  All. 
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Diicethyl^Lysiloxane  [Silastic) 


Specific  binliiv9  of 


sanfslea  c3btall«d 


23.  Dlpsogenic  effect  of  subcutaneous  ailniiiistraticn 
of  Alt  (200  ug/kg,  s.c.l  (left  panel)  to  control 
(open  bar)  or  (XXa-treated  (240  og/)tg/day) 
(hatched  bar)  rats  at  0.5,  1.0,  and  2.0  hr  after 
treatment.  The  dlpsogenic  response  to  l.v.t.  (10 
ng)  admimstration  of  All  to  the  same  groi?i  of 
rats  is  shown  in  the  right  ^nel.  One  SE  is  set 
off  at  each  mean  (n  « 8) . »Significahtly 
different  fran  control  (p<0.05).  **Slgnificantly 
different  from  control  (ptO.Ol). 
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tmz  3 

EFFECT  ex'  IHTRAVEWTRICUIAR  (i.v.t.)  AND  SUBCOTANECWS  (s.c.l  ATWINISTRATION  OP 
AtnicrraeiN  ii  on  ihe  increase  in  mean  biox  ^iessure  of  both  anesihetizh)  and 
CCWSCIOCS  DCCA-TREATED  AND  CCWTSOL  RATS. 


BASAL 


UCREASE  IN  MEAN  BtOX  PRESSURE 
AFIE»  ACMINISIRATICN  OF  All 

i.v.t.  (25  net)  3.C.  (10  u9/kql  s.c. 


(tmi  »9) 

120  uq/Rq) 


ANtSTHETlZB? 

CCHIIOL  95.9  * 4.0-* 
DXA  02.0  ♦ 4.1* 


90.3  ♦ 6.0 
102.7*  3.4 


18.0  * 2.6 


32.7*  3.5** 


37.0  * 

39.0  * 


42.8  * 
50.3  ♦ 


• one  standard  error  of  mean 

* Significantly  different  from  control  IpCO.OS) 

*•  Significantly  different  from  control  (ptO.Oll 
— No  determination 
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'Qierefore,  all  subsequent  studies  were  carried  out  at  an  incubation  tlioe  of  2Q 

At  20  hr.  the  specific  binding  of  I^^IJ-AJI  to  neuronal  cultures  »as 

significant  incirease  in  binding  uas  oheecved  during  treatiiient  of  neuronal  cells 
with  Increasing  concentrations  of  OXA  and  AUO  up  to  1300-1400  pM.  Hi^iec 
dcses  appeared  Co  decrease  bindii^  back  to  control  levels.  The  [^^^U-All 
hinding  to  cells  treated  with  Al£0  at  concentrations  of  2,700  - 27,000  pH  was 
not  significantly  different  from  control.  Hie  binding  of  [^^^IJ-All  to 
DXA-treated  cells  renained  elevated  above  controls  even  witn  Che  highest  dcse 
of  29,000  F«. 

TO  determine  idiether  the  iircrease  in  binding  activity  in  CCCA-treated 
neuronal  oultures  was  due  to  changes  In  the  affinity  and/or  nusber  of  All 
binding  sites,  specific  binding  was  studied  as  a function  of  All  concentration. 

unlabeled  All.  Specific  binding  in  both  control  ard  treated  cultures  saturated 
between  1. 0-1.5  nM  cmcentration  of  I^^^Ii-AII.  although  the  binding  in 
cccA-treated  cultures  see  significantly  elevated  atnve  controls  at 
ccncentraticns  above  0.25  nH.  scatchard  analysis  IScatchard,  1949)  of  these 
data  (upper  graph.  Fig.  29)  gave  straight  lines  fir  both  cultures,  which 
siggescs  hcnogeneous  populations  of  AI  l-binding  sites . The  itaxuiel  nunher  of 
binding  sites  in  CCCA-treated  neuronal  cultures  m 439  fncl/ng 

protein)  i«s  significantly  elevated  conpared  to  control  values  s 2B8 

fcol/mg  protein),  while  the  disecclacion  constants  (K.)  were  similar  (DXA: 

2.99  nH,  Ccntrolsi  2.59  nH) . 
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bindiiq  sites  tes  increased  in  neuronal  cell  cultures  prepared  from  the  brains 
of  one-day-old  spontaneously  hypertensive  rate  (SHR|  ccnpared  to  the  cultures 
prepared  from  the  brains  of  HKY  controls,  while  the  concentration  of  All  in  tl« 
cultures  was  reduced  (Bairada  et  al . , 1904a) . The  low  concentration  of  All  is 
thcught  to  influence  the  increase  in  the  binding  of  All  to  its  rec^itors.  Thus, 
the  possibility  also  exists  that  CCCA  ray  decrease  All  levels  in  culture  and 
thus  increase  binding.  The  mechanism  by  which  KCA  up-regulates  All  receptors 
cannot  be  ascertained  from  the  data  presented  here,  but  is  presently  under 
investigation  in  this  laboratory,  itowever,  the  ability  of  CCCA  to  initiate  a 
response  in  cell  oiltore,  which  is  similar  to  that  seen  in  vivo,  suggests  that 
the  effect  of  CCCA  on  All  receptors  in  the  brain  is  independent  of  its  effect 
on  circulating  levels  of  All. 


CHAPTER  VII 

EFrSTtS  OF  INCREASED  CIRajIATlK  AIRIOTENSIN  II  CH  FLUID 
BALANCE  AIO  CaVRAL  MClOTaiSIN  II  RBCEPIOeS  IN  RATS 


pressure  ana  eiuia  and  elecrtrolyts  honeostasis  is  defendent  upon  the  ability  oC 

central  nervous  system  (Pitrslsms,  1980;  Ramsay,  19B2;  Reid,  et  ai.,  1978). 

In  the  periphery,  alterations  in  the  Levels  of  circulating  All  have  been  show 
to  affect  the  bindiiq  of  All  to  its  receptors  in  the  adrenal  and  vascular 


vtiich  preclude  entry  of  polar  and  hl^h  molecular  sei^t  substances  into  the 


Phillips,  1978) 


dramtlc  rises  in  blood  Eresaure,  water  intake  and  urine  output.  The 
alterations  in  fluid  balarvte  have  been  anCT.m  to  either  subside  during  the 


infusion  period  {Gronan  and  York.  1979;  Dil4icolantonio  et  al..  1982;  Singh  et 
al.,  1984)  or  renain  elevated  through  the  duration  of  the  stisly  frotn  5 to  20 
days  ({hillips  et  al.,  1979;  Sterling,  et  al.  1980,  fink  et  al.,  1982;  Bettlg 
et  aU,  1984).  In  dogs,  Outsuc  l.v.  Infusions  are  also  acocnpanied  by 


sustaiiad 


in  rats,  Fink  and  Bruner  (ISesi  have  deocnatxated  that  the  changes  in  fluid 
talaice  are  not  elicited  throu?i  chronic  i.v.  tnfusicns  of  MI  with  doses  up  to 
«0  iq/nln,  i.v. 

TKt.c,  Che  effect  of  alterations  in  circulating  MI  upon  receptors  in  the 


determine  >*ether  s.c.  Infusions  of  All  cculd  influence  the  binding  of  ail  to 
its  receptors  in  the  brain,  and  whether  a relationship  beMen  the  state  of 
central  MI  receptors  and  the  changes  in  both  daily  fluid  l^lance  and  blood 
pressure  could  be  established,  since  ndneralccocticoids  are  also  elevated 
during  rtutxiic  All  infusions,  additional  studies  were  conducted  to  determine 
the  extent  of  nineralccortlcoid  involvement  in  the  regulation  of  MI  receptor 


,.  Effect  of  Qitonic  Awioi 


Fourty-four  feoBle  rats  and  14 


rats  was  anesthetized  with  ether  ard 
subcutaneously  between  the  shoulder 
saline  and  and  placed  in  the  mihi-pJ 
s.e.  (2.4  and  7.5  i^/kg/hrl . The  ot 
s.c.  IncUlon.  Initial  experiments 


rats  weighing  2SO-3SO  g were  used. 

In  each  of  these  studies,  half  of  the 
zet  osmotic  mini-pumps  were  irplsnted 
des.  All  was  dissolved  in  0.9%  sterile 
to  deliver  either  40  or  125  ng/kg/odn, 
half  was  anesthetized  and  received  a 
ued  no  difference  between  rats  ioplanted 


with  saline-filled  mini-pumps  and  shan-t^rated  rats. 

rg/kg/day  for  2 weeks.  Cm  day  2,  the  drinking  response  to  s.c.  administration 
of  either  Ml  (200  ug/kg)  ot  istgroterenol  (25  ug/kg)  wes  tested  in  All-infused 


sodiist  appetite 


randcmly  divided 
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tne  hypoCh«lainjs,  thalamus,  and  septum  ubs  dissected  free  for  Ul-receptor 


effects  of  two  infusion  rates,  40  09  MI/>tg/iiiin  and  125  ng  All/kg/min,  wre 
Bgerlnent  3.  gfect  of  Mrenalectaw  on  angiotensin  11  Beceptor  Binding 

Sixteen  rule  rats  uere  used  for  this  study.  After  a three  day  control 
perlcd,  the  rats  were  anesthetized  with  ether,  and  either  bilaterally 
adrenalectcnized,  implanted  with  an  Aiset  oemotic  mini-puiip,  or  bilaterally 
adrenalectcfnized  and  implanted  with  a mini-'EUftp.  ^lus,  4 equal  grcups  were 

0)  slrenalectamlzed;  (4|  adrenalectomized  an  infusion  of  125  ng  All/kg/min, 
s.c.  Curing  the  six  days  of  treatment,  all  rats  were  provided  with  0.9%  KaCl 

were  measured  daily.  At  the  end  of  this  period,  all  rats  were  killed  and  the 
SIS  was  removed  for  analysis  of  All  receptor  binding  capacity.  Blood  was 
collected  in  EDTA  for  determination  of  aldosterone  and  PRA  by  radiolmnunoassay. 

Results  are  expressed  as  neens  ^ one  stardard  error.  Statistical 
significance  was  calculated  by  one*way  analysis  of  variance,  and  Student's 
paired  and  unpaired  t-tests.  Regreesion  lines  were  calculated  by  the  method  of 


At  an  infusion  cate  of  40  ng  All/kg/min,  the  drinking  response  to  either 


subcutaneous  or  central  adtinistra 


II.  EFFECT  OF  OBCUIC  All  INFUSICHS  (40  WG/KS/HINI  ON  SOOIUM  AP.^CTITE.  RAK 
KEBE  Giva  A CHOICE  OF  WATER  AND  EITHER  0.15  H OR  0.25  H NACL  FOR  48  HR.  VALUES 
REPRESEWT  THE  HEAM  (ML/KG  B.W.I  OP  TMD-24  HR  IWIAKES  (n*8/(30CPl . 


* One  staixlard  e 
» Significantly 


Cironic  adninistration  of  All  at  either  40  ng/kg/ndh  or  125  ng/kg/raih 


in  the  mean  dally  intake  congiared  to  controls.  UriJK  outpjt.  on  the  other 
hand,  increased  by  day  2 anl  rernsined  elevated  so  that  tie  [tean  urine  output 


:ly  diffe 
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EFFECT  OP  CHBCWIC  S.C.  INFUSICWS  OF  AtCICWEaSIN  II  OJ  HEW  WRIE 
OCTPOT,  AND  BLCCC  PRESSURE.  EACH  VALUE  BEPSESBnS  THE  AVEfUGE  O 
TREAMHT  FOB  EACH  OCOP. 


139.9  ♦ 9.8* 
122.7  * 8.2 
17.2  112%) 


B.  Females 

125  ng  AII/kg/mL 

controls 

difference 

C.  Kales 

125  ng  AJI/lsg/inij 

controls 

difference 


Cne  stanlard  error  of  irean 
Significantly  different  from 
' Significantly  different  from 


28.1  (40%)  29.4  (21%) 


figure  30  illustrates  the  effect  of  MI  infusions  at  125  ng/ks/nin  «i 
daily  fluid  snchanges  in  rale  rats.  Althcugh  water  intake  {Panel  A)  anl  urine 
output  (Panel  8}  are  elevated  during  treatirent.  both  groups  rerain  in  water 


pressure  also  iisrreassd  significantly  in  both  sexes  (Table  5). 

The  binding  of  All  to  neetiranes  prepared  from  the  HIS  of  ccsitrol  and 
All-infused  (125  ng/kg/nin)  rats  was  performed  at  both  0.25  and  1.0  nH 
f^^^I]-AlI  in  the  incuration  nedimo.  In  All-infused  rats,  the  epecific 


Idle  relationship  between  the  increases  in  water  intake,  urine  output,  and 
blood  pressure,  and  the  increase  in  All  receptor  binding  in  the  KTS  of  rale 


specific  binding  of  ['■^^Il-AII  to  receptors  In  the  ms  of  All-infused  rats 

urine  output  and  specific  All  binding  was  also  significant  (r  = 0.e9.  p<0.05) 
(Pig.  34) . However,  the  increase  in  blood  pressure  was  not  related  to  the 


inorease  in  All  receptor  binding  in  the  :(TS  accoinianying  infusions  of  All  (Pig. 


urine  output  were  significantly  correlated  with  All  receptor  binding  in  the  HIS 


Mean  water  irttate  (A)  and  urine  output  (Bl  of 
controls  and  rats  infused  with  125  ng  All/kg/min, 
s.c.  Corel  C represents  the  mean  water  balance 
(exchange)  during  the  treatment  period,  one  S£  is 


I 

8 


Pigure  30.  Hsan  water  intake  (A)  and  urine  cutfut  (Bl  of 

ccattrolB  arri  rate  infused  with  125  ng  All/kg/tnin 
e.c.  Panel  C represents  the  mean  water  balance 
(exchange)  during  the  treatment  pericd.  a»  SE 
set  off  at  each  aean. 
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l-AII  SPECIFIC  BINDING  (FMOL/MG  PROT. ) 


TO  Seter>nine  uheUier  ttie  increase  in  binding  was  due  Co  an  increase  in 
either  the  numCer  or  affinity  of  All  bindir^  sites,  the  specific  binding  of 
1^^11-AII  CO  the  HIS  from  All*treated  MO  ng/hg/mln)  and  control  rats  was 
studied  as  a function  of  All  ccsncentraclon  (fig.  36).  Each  point  represents 
All  specific  binding  trcm  the  pooled  tissue  (HISl  of  4 rats.  After  a 45  rain 
incubation  period,  the  specific  binding  reached  a plateau  ret'«en  0.6  and  1.0 
nM  in  both  control  and  All-infused  tats.  Specific  bindli^  to  receptors  In  the 
ms  of  All-treated  rats  was  Ijicreased  at  most  concentrations  of  All  conparsd  to 
ccntrols.  Scatchard  analysis  {Scatcnard,  1949)  of  these  data  indicated  that 
the  increase  in  binding  of  All  to  receptors  in  the  brain  of  the  All-infused 
rats  was  doe  to  a increase  in  the  ranter  of  binding  sites  • 12.13  vs. 

3.391  and  no  change  in  affinity.  We  increase  in  Che  nunter  of  All  receptors 
In  the  All-infused  group  was  statistically  significant  as  detemuned  tjy 
caiperlscn  of  two  elevations  |p<0.05)  (zar,  1974) . 

SKperlraent  3. 

alrenalectooiized  rats,  and  rats  infused  with  12S  ng  AIl/)cg/Rdn  v«re  increased 
thrcughout  the  trsatnent  period  (saline  was  their  sole  driiOting  fluid)  (Fig. 

37) . A significant  treatment  X urine  output  interaction  was  observed  between 

(pcO.OSI . Panel  c represents  the  effect  of  the  treatment  on  water  balance.  A 


infusions  (125  ng/kg/ralnl  on  plasna 
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Figure  37. 


. H^an  water  intate  (Al  and  urine  outpit  <B|  of 
control  and  adrenalectonized  rats  infused  with  125 
ng  All/kg/min,  s.c.  Panel  C represents  the  mean 
water  balance  (exchange!  for  Che  treatment  peiicd 
of  6 days.  Cne  SE  is  set  off  at  each  mean. 
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TABLE  6 

EFFECT  OF  125  B3  AII/KG/HIN  CN  PIASMA  BINIH  ACTIVIIT  (PRAl  AND 

(AlCOI  CCKBJTRATIC*®  IN  0»fraX,  SALMErTREKTED  «®  ADRENALBrCWIZHJ  RATS. 

MOnent Ati»  [,>3/mll PRA  Ing/ml/nr) 


E9q«rlliient  2. 


368.4 

975.4 


47. 0» 
72.1** 


E<periiiient  3. 


Sal^  controls 

Alrenalectcmy  (salins) 
Adx  * All  (sallnej 


0.5  ♦ 
20.1  • 
16.5  * 


• Ctie  standard  error  of  mean 

• Significantly  different  frcm  control  (p<0.05) 

••  Si^flcantly  different  from  control  (p<0.01) 
ND  not  detectable 
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blood  to  undectectable  values,  wnile  PBA  increased  significantly. 

Analysis  of  All  receptor  binding  in  the  HTS  at  ccncentrations  of  0.2S  nH 
and  1.0  nM  l^^^iJ-All  in  the  Incubation  rnedlon  revealed  a significant 
interaction  due  to  treatment  (F(3,44)  • 3.487  and  2.37,  respectively:  p<0.05| 
(Fig.  381 . The  specific  binding  of  All  to  receptors  in  the  HTS  of  rats  tliat 
had  been  either  AOX  or  f£X  and  giv»  AI I infusions  was  not  different  ficni 
controls,  rukey's  analysis  (1953)  indicated  that  at  0.23  nM  concentration  of 
(^^*I1-A1I,  the  group  receiving  Just  the  All  infusion  wa  significantly 


the  controls,  the  All-infussd  group  was  only  sli^itly  elevated  (p  » 0.08)  over 
controls,  but  significantly  different  frcm  both  the  AP)(  and  ADK  • All-infused 


stoiniUteO  by  an  infusicn  of  All,  an  Increase  in  rec^itoi  binding  vras  not 


Aralysls  of  All  receptor  binding  capacity  In  the  MTS  of  these  rats  by  Scatchard 


(19B5)  and 


(1982)  which  suggested  th. 


Figure  38.  Effect  of  ctaxauc  adninistration  (6  days)  of  All 
(^5  og/icg/niin,  s.c.)  cn  the  specific 
[^"l]-AII  blrdli)g  at  0,25  nM  lA)  and  1.0  nM 
(Bl  concentrations  of  [^^^Il-AII  to  nenbranes 
prepared  from  the  hypothalarrtis . thalarrus  and 
eepusn  (HTS)  of  adrenalectomized  and  control  nele 
rats.  The  y-axis  represents  All  specific  binding, 
and  each  bar  is  the  average  of  individual  binding 
results  In  > 4) . One  SE  is  set  off  at  each  mean. 
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in  U1  rec^itois  in  Uie  HTSM  IhypoChala.-'us-Uulanus-septujn  and  nidbrainj 


acccnpanied 
results  was 


chan^  in  All  receptors  in  tic  studies  by  Cole  (19801 , SiretC  (19821  ani 
et  al.  I19S2I  nay  be  explained  By  tic  inclusion  of  tlie  tddbrain  in  their 
receptor  binding  assays , n«  results  of  the  present  study  af^ear  to  be  s 


Ihcnes  et  al.  (1985),  ths  effect  of  an  i.v.  infusion  of  All  at  25  ng/ltg/m 
receptor  binding  In  the  HIS  was  also  arclyted.  In  contrast  to  the  presen 


study  and  to  their  results  with  sodium  deficiency,  a decrease  in  the  nuirfce- 
All  receptors  and  an  Increase  in  the  binding  affinity  was  observed  in  the 
of  rats  infused  with  All.  The  discrepancy  in  results  ray  be  due  to  the  r 


demonstrated  to  have  an  effect  different  from  that  of  a nigh  dose.  Schiff- 


depletion  and  infusions  of  All  at  doses  below  or  equal  to  125  ng/ltg/min. 


higher  doses. 
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f 


Introdictoon 


In  the  previous  chapterSf  a nsv  piiysiolojical  rea^mse  for  All  has  been 
characterized.  Either  central  or  peripheral  adirdnistratlon  of  All  induces  a 
hypothermic  response  manifested  by  an  increase  in  heat  Lees  mechanisms  and  a 
reduction  in  heat  preduetten  and  colonic  tenperature.  teny  of  the  pathwys 


involved  in  the  thetmotegulatory  response.  Cli  the  other  hand,  the  response  is 
specific  for  All  and  can  be  blocKed  by  administration  of  the  All-receptor 


the  All-lnSoced  typothermla  has  not  Seen  clearly  defined. 

Studies  tave  sJewn  that  manipulations  of  the  renin-angiotensin-aldosterone 


of  circulating  All  levels  by  either  sedium  depletion  or  ^onic  All  infusions 
induces  an  increase  in  adrenal  All  receptors  (Aguilera  et  al.,  1973i  Hauger  et 


1991;  Gunther  et  al.^  198Q).  These  chareges  in  receptor  nuober  are  accoogmnied 


by  parallel  changes  in  the  steroidogenic,  sensitivity  and  contractile 


receptor  binding  capacity  and 
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days.  DimethylfolysiLoxane 


tut>lr)9  has  been  shewn  to  allcw  Che  diffusion  of  certain  crystalline  steroids 


10  ug/kg/day  of  dacs^cortic 


Lis  study  and 
lF  throu^  Bilast' 


tubes  (21»n)  as  described  for  the  estrogen-treated  rats  in  axpetiroent  1. 


rats  were  provided  with  0.91  saline 


their  sole  drihJtir^  fluid.  After  1 


ug/AlI/'itg.  s.c.  vas  tested.  Bie  rats  were  than  isgdanted  witii 
intracerebroventrlcular  cannulae.  Ore  L^ek  later,  the  effect  of  i.v.t. 


ScperiJiLent  3.  Anoiotansin  Il-Treated  Bats 

Sixteen  fer«le  rats  weighing  2SO-300  g were  used  for  this  experisient. 


1ST  was  eessured. 

Bcerlirent  4.  Hvpophysectomsed  flats 

iwelve  feaele  rats  weighing  about  200  g were  losed  for  tltis  study.  Six 


hypcphysectomized 


[Xirohased 


ISF^ague-DawXeyl . 


e hypophysectcnized  ri 


ty  guillotine  decapitatlcm.  n>e  brain  uas  removed,  and  the  region  containing 
tne  hypothalanus , thalanus,  and  septum  (KTS)  vas  dissected  free  for 
AU-receptor  binding  etudies  as  described  in  the  general  itetbods. 


subcutanecus  adninistration  of  200  ug  All/)<g  induced  a 1.0%  fall  in  Cl 


ed  with  estradiol  benzoat 
e controls  throu^iout  the 


Ji  remained  significantly  be 


hours  after  administration  of  All,  CT  of  ffi-treated  rats  was  still  1.6% 


All  on  TST  in  control  and  EB-tseated  rats,  Although  tlie  ^treated  rats  ajgear 


of  200  All/kg.  s.c.  elicited  a 1.3%  fall  in  Ct  ana  a 4.3%  increase 
in  TST  (Fig.  401 . In  rats  treated  with  240  ug  ECCA/ltg/day,  the  fall  in  CT  was 
nch  reduced  with  a maxijial  decrease  of  0.3%  (Sanei  A) . Li^cswise,  the 


Figure  39. 


Mean  colonic  (W  and  tail  skin  (B)  teniperatures 
following  administration  of  angiotensin  II  (200 
ug/kg)  at  tijre  zero  in  control  rats  and  cats 
chronically  treati3~witn  estradiol  benzoate.  Cne 
SE  is  set  off  at  each  mean. 


MINUTES 


Figure  40 . Effect  of  chronic  treatment  with  oCCA-saline  on 
the  change  in  mean  colctiic  ten^erature  (A)  and  on 
tail  skin  tenperature  (B)  foUouing  adminlatraticn 
of  All  t200  ug/kg,  s.c.).  Crie  SE  is  sec  off  at 


MINUTES 
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0.6®C  observed  durirg  the  first  30  rain.  After  60  min,  the  TSr  of 
DCCA-trested  tats  remained  significantly  elevated  co(n»red  to  ttie  decrease  in 


tXXA-treated  rats  vas  cteerved  with  i.v.t.  administration  of  1 ug  All.  CT  fell 


1.2'^  in  ccntrol  rata  coopared  to  0.5®c  in  CCCA-treated  rats.  Central 
administration  of  Ml  also  elicited  a increase  in  TST  of  controls, 


Figure  41  Illustrates  the  effect  of  s.c.  aiiiilnistratlwi  of  ZOO  ug  All/hg 
on  CT  and  1ST  of  controls  and  tats  chronically  infused  with  40  ng  All/hg/nin. 
The  iiBxijiBl  fall  in  CT  of  controls  a.5°CI  was  not  significantly  different 
ftcm  the  saxlsBl  fall  of  0.9°c  observed  in  the  All-infusef  group.  Ifc<«ver, 


a significant  reduction  due  to  treatient  vras  observed  in  the  All-treated  rats 
over  tne  ting  course  of  the  experiment  (Panel  Al  (p<0.0S).  Rie  effect  of  All 


different  between  the  b«  groups  (Panel  Bl . 

in  the  hypo(*iysectorajred  rat  the  basal  CT  and  1ST  »ere  significantly  lower 
than  controls  by  Z.0°C  and  Z.Z't  respectively  (Fig.  421 . If  the 
baseline  different  axe  subtracted  out,  s.c.  administracicn  of  100  ug  All/kg 
prsduced  a similar  fall  In  CT  in  Ixth  control  and  hypophysectomlied  rats  (Panel 
A) . Hosever , tns  effect  of  administration  of  All  on  TST  in  hypophysectonised 

controls  ircreased  to  4.0°C  (Fanel  Bl . This  lower  dose  of  All  vas  chosen 


hypopbysectomised 


Figure  41. 


Effect  of  chronic  infusions  of  All  (40  ng/kg/rain) 
on  the  ct»i^  in  loean  colonic  ten^erature  (A|  end 
on  tall  skin  tentscature  acconpanying  acute 
administration  of  All  (200  ug/kg,  s.c.).  Cne  SE 
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& 


MINUTES 


S. 


I4san  colcnic  (A)  and  tail  skin  <B)  taifieratures 
following  administration  of  All  (100  ug/hg,  s.c.) 
at  ttine  zero  in  control  and  hypophysectanlied 


33 

< 31 

i 

All 

-•CONTROL 

1 » — ♦HVPOPHYSECTCKIZED 

/ H 

2 2S 

S 

z ^ 

25 

-24  0 

MINUTES 


prepared  from  the  reis 


hypophysectmlzed  rate  was  performed  at  0.25  and  1.0  nM  in  the 

incubation  mixture.  In  l^paphysectomired  rats,  the  specific  binding  of 
I^^^I]-AII  to  brain  cneicbranes  vas  rot  significantly  different  from  control 


Qir«uc  treatment  of  rats  with  either  estradiol  benzoate, 
decb^corticosterone  acetate  or  angiotensin  II  has  been  shown  to  alter  the 

responsiveness  to  acute  administration  of  All  (Fregly  et  al.,  1985;  JonJtlaas 
and  Buggy,  1985}.  Ihe  results  of  these  studies  deiiDnstrats  that  the 
temperature  responses  elicited  by  subcutaneous  edministration  of  All  are  also 
affected  tiy  these  treatments.  In  the  estrogen-treated  rat,  the  fall  in  CT 
acconpanyli^  administration  of  All  was  significantly  enhanred  congiared  to 
controls,  while  the  effect  on  TST  appeared  unaffected  by  treatment  with 
estrogen.  In  the  DXA-  and  All-treated  rats  ths  decrease  in  CT  accompanying 
administration  of  All  was  slgniflcanUy  reduced.  The  effect  of  All  on  TST  was 
also  significantly  depressed  in  the  DXA-treated  rat,  but  not  affected  in  the 

nie  implications  of  these  results  are  0<n-fold.  first,  elthou^  the 


dipsogenlc  response  to  All  and  decrease  in  the  specific  binding  of  All  to 
receptors  in  the  tfis.  In  this  present  study,  an  increase  is  cbserved  in  the 
responsiveness  of  CC  to  administration  of  All  in  the  iS-treated  rat.  oi  the 
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frequently 


obeerveiit  these  results  miqht  suggest  that  vasopressin  ray  accomt  for  the 


is  reported  to  have  elevated  levels  of  vasopressin  in  plasma  (HMiriiq  et  al., 
1977s  Croftoi  et  al.,  1980).  Thus,  the  similarity  of  the  reduced  TST  response 
accco^nyir^  administration  of  All  in  CCCA  and  hypophysecttmiized  rats  might 
suggest  that  vasopressin  is  probably  not  involved  in  the  hypothermic,  response 

receptor  regulaticn,  the  elevated  levels  of  vasopressin  in  the  DXAr-trested  rat 


its  thertioteguUtory  response.  Administration  of  All  in  the  hyFophysectoratjsd 


TST  response  would  he  decreased.  Neither  the  location  nor  the  regulation  of 
vasopressin  receptors  mediating  its  tiiermoregulatory  response  have  been 


in  the  lOTPOphysectomised  tat,  no  significant  diffarenoes  were  observed  in 
the  ^ecific  birring  of  All  to  its  receptors  in  tlie  hypothalaitue.  ^le  absence 
of  an  effect  of  hypo^iysectcny  on  CT  appears  to  be  consistent  with  the  absence 


be  nsdiated  through  receptors  in  the  r^ppothalmnis,  although  an  im^rse 
celationsliip  is  observed  between  receptor  nuicber  and  the  l^ppothermic 
respwisivsness.  The  mschanism  underlying  the  increase  in  TST  acccngenylng 
administration  of  MI  Is  still  not  clear,  twt  may  involve  vasopressin. 


CHAITOR  IX 
GBIEBAL  D19GUSSICH 


behaviors  was  initiated 


rolwd  in  regulatory 
(1962a, hi  which 


lateral  hypothalaiBjs.  Since  then,  neucotranstnitter  systems  in  t,he  hypothalanus 
have  been  ^town  to  te  integral  components  of  ingestive,  cemperatiKe,  ani 
cardiovascular  regulatory  systems,  through  the  investigations  'ey  Sickerton  and 


Buckley  (1961),  Broth  (19681  , and  ^tein  et  al.  (1970),  it  became  awarent 


and  All  receptors  in  the  hypothslamus  gave  further  support  for 

centra lly-nediated  regulatory  actions  of  All  (Changarla  et  al.,  I977j  slrett  et 

al.,  1977).  The  physiological  role  of  the  peripheral  renin-ar^iotansin  systan 


blocd-ltrain  barrier  suggests  a separation  or  redundancy  of  regulatory 
mecnanisms  and  furtlier  complicates  our  understandlt^  of  the  relationsiiip 
between  the  peripheral  and  central  BAS.  These  studies  have  defined  further  the 


physiological  roles  and  interactions  of  the  peripheral  and  central  RAS. 


Tm  results  of  the  present  studies  indicate  that  drirUdng,  initiated  by 
either  peripheral  or  central  administration  of  All.  may  be  mediated  through  a 


adrenergic 
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. elicited  through  Oie  SJ 


Al]~ij>duted  dipeogenic  and  preesor  responses.  ?idnanlstratioh  of  All!  has  teen 
aiV3wn  to  increase  blcpcd  pcessuce  and  water  intake  in  rats,  aithoagh  of  a lesser 
potercy  chan  All  IFitzeinons,  1971;  Tonnaer  et  al.,  1982;  Hrl^t  et  al.,  1984) . 
However,  AIII  did  not  affect  tesperature.  Hanipulaticms  of  the  system  with 
phaCTHCOlogical  agents  known  to  interfere  with  both  the  pressor  and  drinking 
responses  to  All  also  failed  to  affect  All-induced  hypothermia,  ^tus.  In 


irst  study  of  elds  d: 


antagcmlst,  nalokcne.  and  the  alphaj-adiencceptor  agonist,  elwiidine, 
inhibited  the  dipeogenic  response  to  All,  toth  agents  tended  to  enhance  tne 
hypotldrmic  response  to  All.  The  fall  in  CT,  hewever,  t«s  reduced  ^ 

quaiternary  analog,  atropine  methyl  nitrate.  Since  the  latter  cenpeund  cannot 


proposed  that  the  fall  in  Ct  rwy  he  mediated  by  a central  cholinergic 
ccoponent.  Ihe  increase  in  Tsr,  on  the  other  hand  unaffected  by 
pharnmcological  treatments.  Thus,  a dissociation  in  the  icechanisnm  subserving 
heat  producUen  anJ  heat  loss  was  apparent  in  the  themotegulatory  effect  of 


independent  effect. 

A distinction  between  peripheral  and  central  administration  of  All  cn  its 
thermoregulatory  effects  was  also  apparent.  A hj^othermlc  respMse  otxild  te 

reguir^  to  Iniuce  pressor  and  drlnlting  responses,  one  ug  was  required  to 


cited  by 
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aeministration  o£  XII  waa  also  diniiuaied  comearetJ  to  that  rtsserved  with  s.e. 
aiininistratlon.  Wios,  a new  E*ysiological  resfonse  could  be  Identified  with 
admlnistraaon  of  All,  yet  the  rechanisns  mediating  the  hs^hermic  responses 


were  distijvt  front  the  pressor  and  dipsogenic  pathways. 

In  these  first  few  chapters,  the  role  of  All  in  both  fluid  and 


approach  to  identify  the  role  of  the  central  BAS  in  physiological  responses  tes 
to  focus  attention  to  the  level  of  the  receptors,  tann  et  al.  [18911 
deiiehstrated  that  tl»  potency  of  different  fragments  of  the  All  peptide  on 
drinlo;^  responses  could  be  correlated  with  their  blndii^  affinity  in 


nypothalaraic  tissue.  Other  studies  also  indicated  that  alterations  in  All 


[Aguilera  et  al.,  187B;  Cooglas  and  Bronn.  1982:  Ojnther  et  al.,  1980:  Hau^, 
et  al.,  1978).  In  sedition,  the  concentration  of  circulating  All  was  able  to 
affect  directly  All  receptor  rsnier  in  tl»se  tissues.  Therefore,  in  order  to 
determine  the  relaUwahip  between  the  central  and  peripheral  RAS,  the  effect 
of  chronic  alterations  of  circulating  All  were  investigated.  These  studies 
were  also  designed  to  identify  the  participation  of  the  central  RAS  in 


the  CCCA-treated  rat,  the  Itidney  is  depleted  or  renin  and  circulating  levels  of 


I-receptor  bindir^ 


revealed 


and  central  administration  of  Ml  were  aogronted  in  tlie  oXA-trsated  rat. 
Since  an  upregulation  of  receptors  often  accodfenies  decreased  concentrations 
of  tne  respective  ligarri  (Catt  et  al..  1984),  the  decreased  lerels  of  Ml  in 
the  DKA-treated  rat  nay  have  been  a result  of  decreased  circulating  All. 


However,  i*en  the  concentration  of  All  in  the  periphery  was  elevated  with 


respwisiveness  to  acute  administration  of  Ml  was  not  different  from  ccmtrols. 


raeepitots  were  elevated.  A camon  link  between  the  two  treatments  was  an 


or  aldosterone) . Other  investigators  nad 
affect  the  All  receptor  binding  jcinetics 


in  peri^ieral  tissues  (Douglas  and 
and  that  niii^alocorticoids  can  easily 


penetrate  the  bleed  brain  )aarrler  (sarynidc  et  al. , 1980) . Thus,  the 
possibility  eitlsted  that  mineralocorticoids  could  directly  affect  Ml  rec^itots 


Thus,  although  alterations  in  the  concentrations  of  circulating  All  appeared  tc 


suggested 


central  All  receptors  in  the  adrenaleetondzed  rat  aftorJed  furcner  support  for 


hypothalanus. 

The  t^pothemic  response  to  All  kes  also  tested  in  the  DCCA-  and 
All-treated  rats,  in  contrast  to  the  enhanced  dlpsogenic  anl  pressor  effects 
to  All  in  DXA-treated  rats,  both  the  TST  and  CT  responses  were  significantly 


depressed. 


> reduced,  while  ' 


to  All  and  the  chanje  in  All  rec^rtors.  This  relationship  ws  also  observed  in 
estregen-ueated  rats  which  have  a decreased  nunber  of  All  receptors  in  the 
hypothalanus  (Jonkiaas  and  Buggy,  1905;  Fregly  et  al.,  1985)  and  an  inrreased 
hypothentic  responsiveness  (CT)  to  All.  Hie  results  of  these  studies  not  toly 
reinforced  the  concept  of  a dissociated  themoreglatory  response  in  All-iniuced 

exist  in  the  OTS  vbich  subserve  different  funrtions.  However,  one  of  the  Icnown 


Brittain,  1972;  OXunu  et  al.,  1965).  In  the  hypophyseotomized  rat,  the 

related  to  the  inability  of  the  hypophysectccuzed  rat  to  release  vasopressin. 
The  ultijiate  relaticmhip  of  the  thermoregulatory  responses  elicited  by 


established.  However,  studie 


colleagues  (1980)  ha%«  indicated  that  an  integral  relationship  exists  tetw 
tl*  hsdrational  state  of  the  tcdy  and  thertnoregulatory  mechanisms . Ihese 
studies  reported  that  excessive  hyperthermia  occurs  in  the  hypehydrated  sti 
especially  during  excerise.  Hypovolemia  is  also  c«  of  the  most  potent 
stinulators  of  renin  release.  Thus,  in  addition  to  stisulating  drinJdng.  ( 
may  also  protect  the  individual  deereasinj  bcdy  tenperature.  In  additii 
BtixUes  by  Rdwell  (1SB3I  delineated  a complex  interaction  between  the 


creased  duiir^  hef 


studies  vhich  indicate  tl 


,1  reponses  omdiated  by  the  RJ 


Unfortunately,  the  receptor  techniques  i 
separaticsi  of  receptors  within  the  bloci 


pt^lolcgical 


AFFeCIX 


obtained  iron  Oiagncstic  Products  COrp. r Ibe  Armies,  CAf  and  New  England 
Nuclear,  Soston,  NA,  respectively.  Anipbotericin  5 and  ^Ibecro^s  ncdifled 
Eagle’s  irediun«  vece  purchased  from  Gilxo,  Grand  Island,  NXr  lx  crystallized 
trypein  (150  U/n^l  cbtalned  from  Morthington  Blcchendcals,  Freehold,  HI. 
Plasrne-derlved  Itorae  Serum  was  purchased  from  Hyclone  laboratories,  Logan, 

Utah.  Angiotensin  II,  (Sar^,  Ala®)-angiotenain  II,  yiSiinbine  HCl, 

CErdlthiothreitol,  poly-D-lyslne  (irol  wt  150,000),  deoxycorticosterone  acetate, 
aldosterone,  and  Tris-iCl  wre  purcd^ed  Crcm  Sigma  Oieniical,  St.  Ibuis,  HI. 
Deo>^corticostercne  pivaiate  was  purchased  from  CIBA  Biamaceutical  Co., 

Sufmdt,  NT;  Itetamine  l^dro^Loride  frcm  Brletol  Laboratories,  Syracuse,  NX;  and 
aceprcmezine  nsleate  from  TechAmerica  Group,  Inc. , Elwcod,  K5.  tfaloxone  Kl  was 
obtained  from  Research  BioAemicale  Inc.,  (Hyland,  Hass.,  and  clonidine  HCl  was 
the  gift  of  Bcehrir^er,  li^lheim  Ltd.  [^^^IJ-Angiotensin  II  was  prepared 
in  cur  laboratory  by  the  irettod  of  Custerdie)c  and  .'dcElwee  11971) , with 
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